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STATISTICAL FINDINGS AND ANALYSES
EXECUTIVE SUMMARY

This report describes statistical analyses of the data from the "104 Mill
Study."” This study was the result of a cooperative agreement between EPA and
the U.S. paper industry: The purpose of thé study was to characterize the 104 .
U.S. wills that practiced chlorine bleaching of chemically produced pulps in mid )
to late 1988. The scope of the study was developed by EPA and industry, and the
study was managed by the National Couneil of the Paper Industry for Air and -
Stream Improvement, Inc. (NCASI), with EPA overview. The data collected included
measuTements- - of v 2;3¥, 7 8 steatrachlorodibestorp-dioxin (TCDD).  and. 2,3,7,8°°
tetrachlorodibenzofuran: (TCIF): consentrations -in three export vectors (pulp;”’
sludge, end effluent); and information omr wastewater treatment, bleaching, and
manufacturing processes, More information was available for kraft mills (155
bleach lines) rthan sulfite (18 bleach lines); therefore, some sgtatistical

findings -are reported-for only kraft mills. . The. statisrical findiogs are:

1. . The detected concentration values of TGDD/TCOF were hest approximated by
lognormal. distributions, estimated separately for each of the export vectors:
pulp, sludge, and effluent. )

2. Analysis of field and laboratory duplicates indicated excellent agreement
between duplicate messurements of TCDD/TCDF concentrations. A% a consequerce,

analytical measurement varisbility is a very small portion of. the total. . --

variability im the TCDD/TCDF data.

3. The reporced detection levels for the non-detected measurements of
TCDD/TCDF damonstrate that the targat detection level of 10 parts per quadrillion
(ppq) for effluent measurements is achiswahle. '

4, Estimastes of the daily total mass ocutput rates of TCDD/TICDF at U.S..
bleached pulp mills were 0.004 lbs/day for TCDD and 0.032 1lbs/day for TCDF.



Cutput rates for individual mills wvaried substantially; however, the per mill
averages were 0.00005 lbs of TCDD and 0.00048 lbs of TCDF exported. daily in
pulp, sludge, and treated effluent.

5. The relative amounts of TCOD/TCDF partitioned to each of the three export'
vectors (pulp, sludge, and effluent) were highly variahle among mills,

6. Significantly more TCDD/TCDF was exported at kraft mills than sulfite
nills.
7. Mills using Activated Sludge (ACT) wastewater treatment systems exported

somewhat: lesg effluent-based TCOD/TCDF mass on average and significantly more
s“ludge-basad ICBP/TCOF mass thanmills using Aerated Stabilizatjion Basins (ASB).

The. difference in.sludge exports can be partially attributed to the fact that
ACT sludgs samples. in. the 104 Mill- Study consisted:of combined: primary and 7
secondary sludges.. Those from ASE systems consisted omly of primary sludge.

8. Tatal Suspended Solids (TSS) concentrations in ACT systems was found to.
be significantly higher than the TSS concentrations of ASB systems at kraft
mills., -

9. When ACT and ASB-type kraft. mills weXe. combined,  a. weakly correlated

positive trend.was ohserved becwsen effluent TCOD/TCDF and  TSS levels, and a -
weakly carrelated negative trend was ocbsarved between TSS and sludge TCDD/TCDF.
. For kraft mills using only ACT treatment, higher TSS levels were associated with
higher sludge-based TCDD/TCDF exports but lower effluent-based TCDD/TCDF exports.

.10,  Linear regressions of the TCDD/TCDF export rates fit to bleaching measures
at each mill (including applicacion rates of bleaching and chemical axrraction..
agents) were found to: be poor-predictors of individual krafe'mill outpurs.’ .

11, Greater chlorine usage in kraft mills was found to be staristically
associated with higher Formatiom. rates of TCDD/TCDF. '

12. Increased substirution of chlerine dioxide far chlorine in the C-stage of
kraft mills was correlated with slight reductions in*TCDD/TCDF formation.



13, Higher chlorine multiples during C-stage bleaching were weakly associated

with higher TCDD/TCDF mass formation in kraft mills.

14, Kraft mills that used oxygen delignification in the bleaching process
exhibited somewhat lower rates of TCDD/ICDF formation than mills. that did net

use such methods.
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1. INTRODUCTION

In October 1987, the U.S. Environmental Prorection Agency (EPA) and the
U.S. Pulp and Paper Industry joincly released preliminary results from a

screening study that provided the first comprehensive results on the formation

and discharge of chlorinated dibenzo-p-dioxins (CDDs) and dibenzofurans (CDFs}":. '
from pulp and paper mills (1). This screening study of five bleached kraft mills -
("Five Mill Scudy") confirmed that the pulp bleaching process was primarily
respousible for the formation of CDDs and CDFs. The partitioning of these
compounds between the bleached pulp, wastewater-txeatment sludge, and final
wastewater effluent was found to be highly variahle smong the mills. The study

- resulrs mlso indicared that 2,3,7,8-tetrachloredfbenzo-p-divmin (TCDDY and "

2,3,7,8-tetrachlorodibenzofuran (TCDF) were the principal CDDs and CDFs formed.
The- £inal Pive Mill Study' report  was publistied fn March 1988 (2y. o

To provide EPA with more complete data on the release of these compounds
by the U,S. paper industry, an agreement was reached in April 1988 hetween EPA
and the industry to conduct a second study to characterize the 104 U.S. mills
that practiced chlorine bleaching of chemically produced pulps (3). The scope
of the Study wax developed by EPA and Industry, and the study was managéd by the
National Council.of tha Paper Industry for Air and Stream Improvement, Inc.
(NCAST),. vith. EPA. ovexvisw. - The, dara from this' study provided am estimate of
the release of TCDD and TCDF in three environmental expart vectors '(i.e.,
bleached pulp, sludge, and effluent) frowm. the.U.5: Pulp: sod-Paper Industry. as
of mid- to }ate'1988.

This section presents the major features of the study design, including
the field sampling prograw, the analytical program, and data handling; and a
profile of the industry ac the vime the study was conducted, comprising pulping
and bleaching characteristics, bleach line chemical usage during sampling., and

wastewater treatment.



The remainder of the report provides details of the statistical analyses

and study results, and consists of the following sections:

+ Section 2, summary of the findings.

» Section 3, characterization of the TCDD/TCDF comcentration data

* Section 4, analysils of duplicate samples

» Sectiomx 5, partitioning of TCDD/TCDF mass rates into mill exports

« Sectiomr &, amalysis of total suspended solids

- -Sect:ion" 7, modeling of TCOD/TCDF formation in terms of mill operating

parameters

A listing of the dwtm used in the analyses is also provided in appendix |
A. This.report.and. a.separite sumpary document were prepared independently by
- .EPAy .. The paper industry, through NCASI;-has alke prepared a report. of the 104"

Mill Study (4). Preliminary study results were presentad by EPA and NCASI im

September 1989 (5) and will be published f{u Chemosvhiere. This report includes
data received by EFA from NCAS! as of April 1996 and comprises. more than 98 -
percent of the data required by the study objeccives.

: When rewtsuwing’ the study results, it is important to keep in mind that the
princigal.chjective of the; 1G4 ¥ill Study was.to chsracterize exgorts from the
104 mills. in terms of TCDD and TCDF. The study was not designed te address
mechanisms of formation of these compounds or to determine the best technologies

for treating these compounds.in.wastewaters. . Nonecheless:. the study resulcts. .’

permit some useful observations in these areas as well.
1.1 STUDY FEATURES"

_ All U.S. pulp and paper aills where chemically produced: wood:pulps are -
bleached with chlorine and chlarine derivatives were includad in the Agreement
for the 104 Mill Study ¢3).. Although wills included inm the Five MI1l Study were
not resampled for the 104 Mill Study, TCOD/TCDF, dates and mill aperating -and
wastewater treatwment information from the Five Mill Study have been included in



this analysis, Consvlidated Paper independently conducted a study at its

Wiscongin Rapide, Wisconsin mill. Due to differences: in sampling and analycical

protecols, the data for TCRD/TCDF from this mill were not included. However,
mill characteristics and wastewater treatment information for Conselidated Paper
are included in the induscry profile presented in subseetion 1.2.

1.1.1 Field Sampling Program

The Agreement for the 104 Mill Study required that each significant export
vector (fully bleached pulp, wastewater sludge, and final wastewater effluent)
be sampled and that the samples be composited over a 5-day period (3). In most
caseg, the composite samples consigted of up te eight aljiquots obtained

throughout the sampling day. Nearly all sampling was 'performed by mill personnel -*

follawing . guidance. estahlished by NCASI. In a few cases, NCASI personnel

conducred - the  sampiing.: The- sampling~ protucols closaly. followsd those .

estahlished for the Five Mill Study-(Z),

The pulp samples taken were of the highest brightness pulp produced at each
bleach line. At mills with two bleach lines where hardwoed and softwood pulps
are bleached separately; separate hardwood and zaftwood composite pulp samples
were collected. At  mills with a single bleach line where both hardwood and
softwood. .pulps, are  bhleached  (i.e., a. swing line);, sampling was. conducted
intermmittently. to ensure that the J-day componite samples ware composed only of
hardweed. or saftwood pulp. A few bleach lines preocessed mixtures of hardwood

and softwood pulps. The composite. sawples. from. these: lines. wexe.classified by .. -

the percent of softwood pulp in the mixzture.

Siudge samples consisted only of those siudges removed from the wastewater
treatment system:- snd .disposad of in landfills, by incineration, or by other
methods. Formills with Activarad Sludge Wastewater Treatment (ACT), the sludge
samples generally consisted of combined primary and secondary sludge; for mills

with Aerated Stahilization Basins (ASB), only primary sludges were sampled. Io

most cases, the sludges were dewatersd prior to offsite disposail; however,
several primary-sludges.were collected in:a: low. consistency.slurry form.



More then 90 sampled effluents were collected from mills with bioclogical
treatment. For eight mills, the samples consisted of parcially treated effluents:.
prior to discharge to municipal wastewater treatment plants. Two mills with
direct ocean discharges provided samples of untreated effluents. Another
untreated effluent was.sampled at a mill that used a percolation pond for

wastewater disposal. -

This sampling scheme generated.over 400 samples for isomer-specific TCDD . °
and TCOE analyses. About 80 addivicnal samples were collected as part of the ‘_
quality assuranée/qunlity contral (QA/QC) plan. These samples were analyzed as .
field duplicates and/or included in native spike determinations. The data is _
lisred. in Appendix A. 1In addition, mill operators were requirgd to provide .. \-
process operating data for bleacheries and wastewaeer treatment plants. These '

data . waere collected. to. document. operation of the processes at the. time of

I.1.2 Analytical Program

The Brehm Laboratory at Wright Sctate University (WSU), Dayton, Ohio,
performed analytical wethods davealopment work for isomex-specific determinations S

of TCDD"and: TCDF In' pulp and paper mill matrices and completed analyses of all

samples for the Fiwe ML{1l Study (2). Analytical work for the present study was

. <onducted by Enzeca-California Analytical Laboratories {CAL) in West Sacramento,

California,. amt WSU. Epnseco~CAL conducted most of the sludge and effluent
analyses, while WSU analyzed mosc. of. che.pulp. samples; o

The analytical mathods used in the 104 Mill Study werse consistentwith the * '~
screening study protocols established for the Five Mill Study (2). Analytical .-
abjectives far target detecticn levels for TCDD and TCDF were 1 ng/kg (parts:
per trillion [ppr}) for' sludges' and:pulps, and. 0701 ng/kg (ppt) for wastewater
effluents. The Agreement specified identification and quantitation criteria for

TCDD/TCDF. and reguirsd..that NCASI manage QA/QC programs for the study.  NCASI pre s,
staff performed and coordinarws sample preparatian, submitted.:ssmples to-the
analytical laboratary, and ‘reviewed Llaboratory- dsta. reports. - Neaxly all . s

analytical results mst che QA/QC ohiectives estzhlished for:che study..:Several

[



samples required re-analysis to obtain valid data; however, the proportion of
such ssmples was less chan & percent of the tatal.

1.1.3 Data Handling

To ensure cansistent reporving of bleach .plant.and wastewater- treatmemt
information, NCASI developed specific forms for mill persomnel to report bleach
line operating characteristics, bleach line chemical applications, and wastewater
treatment operations. Copiles of these forms, as well as schematic diagrams of
the bleacheries and wastewater trearment facilities, were provided to EPA by

NCASI for most mills. For those few mills which requestad confidential treatment .

of certain data, the forms were submitred directly to EPA by mill operators. -
NCASI sghaitted- fipsl analyticsl -results to EPA as they were developed e

conformance with the QA/QC pratacels specified in the Agreement (3).

EPA and NCASI independently developed data sunmaries in spreadsheet format
to characterize bleach line operating characteristics; mass flow rares of
bleached pulp, wastewater sludge. ami wastswarer affiuent; and mass flows of
TCDD and TCDF estimated {n mill exports. The respective spreadsheet entries were
compared several timss. and. corrections. mads.as appropriate. PFriox to cenducting
detailed statistical analyses, EPA- had a contracror further compare the
spreadshests against. the ariginal report forms. All discreparncies were resclved
and . ths spreadsheets updated. New databasas were then crested by uploadmg the
datz from the spreadshasts to. thae EEA mainframe .computer.

1.2 INDUSTRY PROFILE

At the time the 104 M{ll Sctudy field program was underway (mid- to late
1588 for most.mills), the U.S. Pulp and Paper Indugtry was characterized by
Limited spplication of those pulping and bleaching practices demonsrratad ta have-.
the potential to reduce formation of TCDD/TCOF. Since that time, many- mill
opera:ﬁrs have initiated progrsas to institute ipproved pulping and bleaching

technologies and oparating practices. This industyy profile, however, does mot

reflect any changes made:by U.S. paper mills siuce: the end:of 1988.




1.2.1 Pulping and Bleaching

Tables 1-1 and 1-2 present the industry profile for pulping and bleaching
of those mills included in the study. This segment of the U.S. industry
comprises B& kraft pulping mills, 16 sulfite mills, 1 soda will, and 1 mill with
both kraft and sulfite pulping. More than half of the bleach.lines at kraft
mills are used for bleaching softwoods exclusively and 40 percent for-hleaching
hardwoods. The balance of the bleach lines are either swing lines or used to:.
‘bleach hardwood/softwaod pulp wixtures. For sulfire mills, half the bleach lines’
are used. for softwood pulps, nearly 40 percent for hardwood pulps, and the

balance for mixed pulps:
1.2.2 BlIesch Line. Chemical Usage

Table.l-3.svamaxizes the number and percentage of bleach lines with oxygen
delignification: systems and other.chemical.usage in . pra-bleaching" and final -

' bleaching. The data were provided by miil operators during the sampling sﬁrveya.

Puring that period, the industry was charactarized by low utilization of oxygen.
delignificatiornt, relatively low utilization of oxygen reinforced extraction, low
utilization of peraxide reinforced. extraction, and relatively high utilization
of hypochlorite. in both:pre-bleaching" and’ final’ bleaching. |

Thea status. of bleachary operatioms in the U.S. industry in mid- to late
1988 with. respect to chlorine usage and chlorine dioxide substitution is
sumparized in Table 1-4.  Note that-about' 35 parvent:of- the kraft mill bleach.
lines were operated with no chlorine dioxide. in the C-Stage, and less than 2
percent of the kraft mill bleach lines had chlorine dioxide substivution rates
. greater than 30 percent. :

Table. 1-5 presents. & sumsary -of -chlorioe  mulitiples  (¥apps - facctor}..
determined for kraft and sulfite bleach lines at the time of sampliné. The
chlorine multiple is the ratio of the amount of active chlorine used in pulp
bleaching in the C-Szage ‘to-the amownt of lignin contained in browtstocle or

oxygen delignified pulp as characterized by the Kappa number. Eleven percent .-



TABLE 1-1. INDUSTRY PROFILE - PULPING:

Iype Number of Mills
Krafc 86-
Sulfite 16

Kraft and Sulfirte 1

Soda 1

Total 104

TABLE 1-2. INDUSTRY PROFILE -~ BLEACHING

¥oodtype Yugber of Sleach Lines
Hardwoad . 67 7 1
Softwoad. 89 9 -
Mixed HW/SW 9 2 ;-
Total : 165 18 . 1

Note: Kraft hardwood and saftwood hleach
line dats Include 14 swing lines-
counted as both hardwood and -
softwood lines.-



TABLE 1-3. INDUSTRY PROFILE - BLFACH LINE CHEMICAL USAGE

Chemical Usage -

Oxygen Delignification

Pre-bleaching
C-Stage Cl,
C-Stage Clo,

E-Stage 0,
E-Stage NaQCL.
E-Stage H,0,

Final' Bleaching: -
ClRy o . :
NaQCL. .

H,0,

Nz} € Bleaeh Li (-

Krafy Sulfite Soda

7 (4.2) - o - ( 0)
165 (100) 16 ( 89) 1 (100)
105 ( 64) 1 (5.6) 1 (100)
78 ( 47) & ( 22) 1 (100)
47 ( 28). 1 (5.6) - (

2 (1.2) 1 (5.6) -( B
167 ( 89y " 4 (227 1.(100)
9G ( 55) 14 ( 78) " - ¢ 0)
25 ¢ 15) 1 (5.6) - ( 0)

0y



TARLE 1-4. STATUS OF U.S. BLEACHERY OPEBATIONS: C-STACGE
CHLDRINATION AND CELOBINE DIOXIDE SUBSTITUTION

Kraft Mill Bleach Lines

Chlorine Application ClQ, Substitution
lhs Cl./Ton ADBSP BEleach Lines Percent Bleach Lipes
< 40 15 0 59
40-60 22 <5 16
60-80 32 5-10 41
80-100. T 36 c 10-20 i3
100-120 . - 28 : ' 20-30 g

 120-140.. . 16 . 3060 . . 1.
S P+ S ) 4- TS . LO-50- - 3
. 50-60 L

60-70 1
> 70 1
TOTAL 165 TOTAL 165

Sulfite Mill Blesch Linew

< 40 2 4] 17
4050 1 <5 1
60-80 2 >3 0
80-100 6
104-X20 3
1Z0-140 4
> 140 0
TOTAL 18 - TOTAY. © 18

Notes: . Bleachery operations for- swing lines were counted twice,
separately far hardwood and softwood. pulps.
ADRSP - Air-dried brownstock pulp.



TABLE 1-5., C-STAGE CHLORINE MULTIPLE (KAFPA FACTOR)

Numbey of Bleach Lipes

Chlorine Multiple Krafr Su e
< 0.10 4 2
0.10 - <« 0.15 15 1
0.15 - < 0.20 51 6
0.20 - < 0.25 54 3
0.25 - < 0.30 17 -
> 0.30 14 6

TOTAL 155 18 .

Notes: Chlorine multiple was computed from active
chlorine (Cl, and €10y): applied:in.the: C-Stage. .
Chloriossmicipies’ could’not" be'caspared  for 1677
kraft nill bleach lines because of incomplere. -
data.

10



of the sampled bleach lines were operated with average chlorine multiples less

than 0.135.
1.2.3 Wastewater Trestment”

- The status of wastewater treatment provided at the 104 paper mills is
sumparized in Table 1-6. The industry standard censists of primary treatment -
followed by secondary biological treatment. Eight mills discharge to publicly
owned treatment works (POIWs) after primary treatment, and two have no treatment.
Wastewaters from one mill are dispeosed of In a percolation pond, About 35
percent of kraft mills have ACT and more than half have ASB. For sulfite mills, -
nearly 70%Z have ACT while almost 20X use ASE.

11



TABLE 1-6. INDUSTRY

PROFILE" - WASTEWATER TREATMENT

garme e

ACT

ASB

‘Discharge to POTW
"Discharge to Other Mill WWTP
Pezrcolation Pond

No Treatment..

Note: = The mill.with.krafe.and.sulfita pulping wasviisved’as a kraft -

Krafx  Sulfite  Sods

32 11 -
43 3
7 1
- 1 -
1 . -
2 - -
TOTAL 87 16 1

mill for purposes. of. this rable. -

12
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2. SUMMARY OF STATISTICAL FINDINGS

. The following discussion summarizes the statistical fimdings from the 104
Mill Study of U.S. bleached pulp mills. The conclusions are necessarily limited
in scope, due to the design of the study. More information was available for
kraft mills than sulfite; therefeore, some statistical findings are reported only
for kraft mills. The results do provide, though, the basis for several useful

obsexrvations.
2.1 CHARACIERIZIHGIGBR/IC!}F CONCENTRATIGNE DATA

. Exanination. of the:laboravory: snslyses of sasples: collectad: st eschmill’ "
indicated that the dervected concentration values of 2,3,7,8-teméhlorodibenzo- :
p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCOF) werea best approximated
by lognormal dfstributions, estimated separately for each of the export matrices’
~-- pulp, sludge, and effluent. A number of non-detected messurements were also
reparted in the datsa. Analysis of the mass formation rates of TCDD/TCDF required
that values be assoctated with these non-detects. For the purposes of r:his:
study, such measuremgnts were assigned a value equial to half tha: datsctiom level.

This step: allowed non-detect samples to he used in a reasonable and .
consistentmermer without distorting the basie: findiogs:. (1) tha vast majority...
of all samples had detectable concentrations, with only 15 percent of all TCDD

- . samples awnd:& percent of TCOF amles--raﬁotﬂd' as’ non-detects; (2) the racio of
detectable. levels of TCDF to TCDD was fairly consistent from. mill to mill, yet
less than 4 percent. of all the samples were reported as non-detects for bgth TCDD
and TCDF, (3) every mill.was found to have detectable levels of TCDD/ICRF (n at.

least one of the export vecters.

Setting momsdntect values to palf the. datecriorx M-.M‘mrasqntm;a |

compromise betwesn underestinstion (assigning: non-deteet walues to zera 3 and.
overestimation (assigning non-decect. values. ta..the. detection level}. of the

unknown dctual concentrations. -

13



2.2  VARIABILITY IN DUPLICATE SAMPLE ANALYSES

Approximately 30 percent of all the samples were classified as field sample
duplicates or lab duplicate splits. Analysis of these duplicate samples for each
matrix . (effluent, pulp, and sludge) indicated excellent agreement betweem
duplicate measurements of TCDD/TCDF comeentrations. Most sample correlations
betwsen pairs of duplicate measurements were fouhd to above 0.95. Consequently,
the proportion of total variability in TCDD/TCDF levels that could be attributed
to field sampling protecol or ‘analytical technique was in all cases small
relative to other sources of variation. In the worst case observed, analytical
measurement error was still less than 12 percent of the total variabilicy in TCDF

concentrariong.

2.3 DETECTION LEVELS FOR.NON-DETECTED MEASUREMENTS

The reported detsction levals for non-detected messurements’ of ‘TCDD/TCDF
demonstrate that the laboratories were capable of achieving the rarget detection.
Ievels of 10 parts per-quadcillion (ppg) for effinent messurements.

B
RIS

2.4  TOTAL MASS FORMATION ESTIMATES Q¥ TCID/ICDF

By combinming tha TCDD/TCDOF .concentration data with will praduction rates
of pulp, sludge, and effluenr; races of TCDD/TCDF mass formarion were computed
for the export matrices at each mill. Estimates of.the daily tatal mass output
rates gf TCDD/TCDF ‘at U.S. bleached pulp wmills:. were.0.004. 1bs/day: for-TCDD and
0.032 lbs/day for TCDF. OQutput races for individual mills varied substantially;
however, the per mill averages were 0.00005 Ibs of TCDD and 0.00048 lbs of TCDF
exported daily inm pulp, sludge, and treated effluent.

2.5  VARIABILITY IN’ PARTITIONIRG OF TCUD/TCOF IO DYFFERENT EXPORT MATRICES - .

The relative amounts:of TCDD/TCDF partitioned to pulp, sludge, or effluent:_
vectors were not found to be congisceant from wiil xo mill, but t{ighlyj wariable.
While some mills partitioned less than 10 percent of their total TCDD/TCDF mass
to effluent:, efflyent-hased TCDD/TCDF accounted for more than BO percent of the

14



expoerts at other mills. The variabilicy in partiticning of pulp and sludge
export vectors was similar. Among the least extreme cases: (middle: 50 percent
of all mills), the relative percentage of TCDD/TCDF exported to specific matrices
differed by more than 30 percent from wmill. ta mill.

2.6 DIFFERENCES DUE TO PULBING AND WASTEWATER TREATMERT

Comparisons showed that significantly more TCDD/TCDF was exported at kraft
mills than sulfite mills for each matrix type. Differences alsc emerged between
wastewater treatment types Aerated Stabilizatiom Basins (ASB) and Activated
Sludge Wastewater Treatment (ACT). There was evidence that mills using ACT
exported somewhat less effluent-based TCOD/TCDF wass an average and significantly
- more sludge-based TCDD/TCDF mass than mills usfng -ASH systems. The difference

in sludge exports can.be.partially attributed to, the fact.chat ACT sludge samples

in the 104 MI1L Study consisted of combined primary and secondary siudges. Those

from ASH systems consisted only of primary sludge.
2.7 RELATIONSHIPS. BETWEEN WASTEWATER TREATMENT AND TOTAL SUSPENDED SOLIDS

Furcher investigation was made of the relationships.between.TCDD/ICOF mass
axports. in slud:ge.. and effluent vectors, wastewater treatment types, and levels
of total suspended saelids (TSS) from krafc zills. When ACT aud ASB-type kraft
mills were combined, a weakly correlated positrive trend was cbserved between
efflient TCOD/TCOF and TSS levels, and a weakly correlated negative trend was
observed betwesan TSS. and. sludge TCODD/ICDF.- For kraft mills- using only ACT
treatment, higher TSS levels were associated with higher sludge-based TCDD/TCDF
exports. hut:' lower effluent-hased TCDD/TCDF exporrw.

2.8 REIATIONSHEIPS BEIWEER TCDO/TCDF FORMATION AND MILL OFERATING
CHARACTERISTICS '

When the effects. of will bleaching procadures upen TCDD/TCDF formatior in
kraft mills were analyzed, eourrelaricus-batween ssgs export rates of TCDD{TCDF
and a series of mill parsmerers, including applicatfon rates of bleaching and
extraction chemical agents, were generally low. Counsequantly, linearyvegressions

15



of the TCDD/TCDF export rates fit to bleaching measures at each mill were found
to be poor predictors of individual mill outputs.

2.9 EFFECTS OF CHLORINE APPLICATION IN PRE-BLEACHING -

Significant positive tremds. were observed between average TCDD/TCDF - -

formation in kraft mills and the rate of application of chlorine (Cl,) in the C-
Stage bleaching process. Greater chlorine usage wag thus found to he
statistically associated with higher formation rates of TCDD/TCDF. It was also
found. that increased substitution of chlorine dioxide for chlorine in the C--
Stage was correlated with slight reductions in TCDD/TCDF formation. Lack of
chlorine dioxide use at Wigh rates of. smbstitution during the. study sampling

period precluded more devailed analysis of the impact of chlorine dioxide (CiG,) . .-

substitution,
2.10 EFFECT OF THE: CHLORINE MOLTIPLE

Variablas measuring the chlorine multipls-(also known as the Kappa factor)
during C-stage bleaching were positively assoclated with TCDD/TCDF mass formation
in kraft mills, though the. resulting correlations. were fairly weak... These
results imply that on average, when accounting for I{gnin content, greater use
of chloxina. im tha C-atage was: linked. waakly to.higher faormation of TCDD/TCDF,

2.XI1L USE OF QXYGEN IN THE BLEACHING PROCESS. -

Kraft mills that used oxygen delignification in the bleaching process
exhibited somewhat lower: rates of TCDD/TCDF formsvion than mills that did not
use such merhods. The same mills, however, also tended to have high substitution .
raves of €10, far Cl,, sa it is not clear whether the lower export rates of .
TCDO/TCDF observed at these mills vere atrributahle to’ oxygsn:‘dulignificatian. :
chlorine dioxide substitutiou, ar some combination of both.

16



2.12 DIFFERENCES IN WOOD TYPES

Larger smounts. of chlorine were generally applied to- softwood pulps than to ' -

hardwoad pulps per ton of pulp processed in kraft mills, and the average Kappa
numbers of softwocd pulps were significantly higher than those of hardwoed pulps.
These findings are consistent with known differences in bleaching practices for

hardwood versus softwood pulps.

17



3. CHARACTERIZATION OF THE TCDD/TCDF CONCENTRATION DATA

This section characterizes the laboratory data reported to the U.§. -
Envirormental Protection Agency (EPA) concerning the concentration levels of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD} and 2,3,7,8-tetrachloredibenzofuran
(TCDF) foumd in samples of pulp, sludge, and effluent collected as part of the
104 Mill Study. The reported data were examined for distributional properties
- and skewness and fit te appropriate probability distributions. The sensitivity
of subsequent analyses to non-detected measurements was assessed. Attempts were
made to handle non-detected samples in a reasonable and consistent mamner that

would not distort the basic findings,

After'.exmining.the raw concentrations, the appropriateness of ficting TCDD
and TCDF values to separate lognormal distributions was investigated. Only
detected concentration values were examined for distributional fit. '
Approximately 15 percemt of all the TCDD analyses and 4 percent of the TCDF
analyses were recorded as non-detects., The detection levels for these non-

+ detected. Beasurements. are - summarized. in. Table 3-1.
3.1 VARIABILITY IN DETECTION LEVELS
The variation in detection levels reported for non-detects (Table 3-1) can

be attributed to several sources. Reliasble measurement of TCDD/TCDF levels is

matrix-dependent, a fact reflected in the analytical detection level targets for

" effluent samples, which were different from the targets for pulp and sludge.

In addition, the presence of other compounds csn make jidentification of TCDD/TCDF
difficult without dilution of the sample, leading to detection levels that .can

be sample-specific,

The Enseco-California Analytical Laboratory (CAL)-and the Wright State
University (WSU) lab each analyzed at least some samples from every matfixl
Almost 80 percent of the pulp samples were analyzed at WSU, while 89 percent of
the effluent samples and 81 percent of the sludge samples were handled by CAL.

Since these laboratories used somewhat different cleam-up and routine handling

ig



TABLE 3-1. DETECTION LEVELS FOR NON-DETECT SAMPLES

Pulp Non:Detects (ppt) ICDD
N of Cases 39
Minimum 0.100
Maximum 4,900
Mean 0.667
Standard Dev. 0.805 .
Median 0.500 .
N of Cases: U
Minfimmn 0.300
Max imum 3.000
Mean 1.850 -
Standard Dev. - 1.121
Median 1.650

Efflvent Eoﬁ-Qgtecgs {ppq) TCBD
N of Cases 30
Minimum 3.000
Maximum 17.000
Mean 7.733
Standard Dev. - 2.789.
Median 7.500
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procedures, it would be possible to expect different detection levels for samples

of a given matrix, depending on which lab performed the amalysis.

Overall, the analytical objectives of the 104 Mill Study were generally
met. Ninety-two percent of non-detect pulp samples had reported detection levels
at or below the 1 part per trillion (ppt) target level established in the

Agreement (3). All but four sludge samples had detectable concentrations of

" TCDD/TCDF. Of these four, one was below the target detection level. For

effluent samples, the target level of 10 parts per quadrillion (ppg) was achieved
in the analyses of 83 percent of the TCDD non-detects and 100 percent of the TCDF
non-detects {(Figures 3-1 and 3-2}.

Y

3.2 FT

FITTING OF DETECTED CONCENTRATIONS

¢

CA

For the detected sample concentrations, graphical goodness. of.fir was done

via logneormal probability plots (base 10 scale), matching'.the;.urdered: y

concentration levels against the expected values of a lognormal distribution,
When data: are, well-approximated by a lognormal density, such plots closely
resemble a straight line. Ekaminatinn.of.che.plnts.showed that the data were
adéquaﬁéry fit by lognormal dénsicies estimated Separétely'for each export matrix
of pulp, effluent, and sludge samples (plots are located in appendix B).

As noted; only'detected values were used to characterize the distributions . -
of TCDD/TCDF concentrations within each matrix. Estimates for non-detects
measurements, however, were needed for later stages of the analysis. To handle
non-detects in a simple, consistent manner, non-detect values were assigned as

half the reported detection. level.

Decision on the treatment of non-detected sauples depends upon the purposes
af the analysis and the specific nature of the data. In this case, over 9§
percent of all the quantitated samples in the 104 Mill Study exhibited deteccable

levels of either TCDD or TCDF, including at least one matrix export from every . -

mill. Since the ratio of detectable levels of TCDF to TCDD was fairly consistent
from mill td_mill, there was evidence that nen-derected samples contained small

positive concentrations of TCDD/TCDF. Setting non-detects to zero would tend

20
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to underestimate the true concentrations of TCDD/TCDF. On the other hand, EFPA
has frequently assigned non-detects to their detection levels, since the
detection levels provide an upper bound on the zctual concentrations present in -

non-detected samples.

Setting non-detects to half the detection level is an arbitrary choice,
but has been used with enviroomental data to steer a "middle ground" between
over- and underestimation of the unknown concentrations within non-detected
gsamples (6,7). Sinece the proportion of non-detects among the total sample set
was relatively small, the choice to set non-detects at half the detection level
was also considered unlikely toc seriously affect the final TCDD/TCDF mnass
loadings computed at each paper mill.

To illustrate this last point, Tables 3-2 and 3-3 present summary
statistics of the TCDD/TCDF concentrations under different assumptions concerning
the values of non-detects; the flrst section summarizes detected concentration.
values only, while the others report all TCDD/TCDF concentrations after setting

" non-deteets. equal to.either half, the detection level, zero, or. the detection

level. Some differences are apparent in the tables, particularly for pulp and-
effluent TCDD samples at sulfite mills, but overall, the: discrepancies were
judged to be relatively minor when weighed against the precision of the data as

a whole.

In summary, the detected concentration values of TCDD/TCDF were found to
be best approximated by lognormal distributions, which were estimated separately
for each of the export matrices: pulp, sludge; and effluent, Non-detects were:
consistently assigned to . half the detection level in all subsequent analyses.
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YTABLE 3-2. DESCRIFTIVE STATIRTICS FOR TCDD CORCENTRATIONS

DETECYED SaELEL OWLY

. : Lowsr Upper 9082
Matrix 3 Hezy gtd  Minlpyn  Meximun Quertile  Mgdian  Quartile  Percentile
ALl Samples B " S A
Pulp (ppt) 179 10.4s 12,85 0.400 116.00 3.50 6.00 14.00 23,00
B 63 7.48 9_53 0. 400 55.70 2.80 4.10 7.70 17.00
5w 100 12.02 14.73 ¢, sto 116.08 4.12 7.60 14.75 26.90
Sludge (ppt) 114 86.32 169.43 0.4D0  1390.00 10.63 3k. 00 95.50 188.00
Effluent. (ppyg) 103 658.22 109.480 3100 640,00 15.00 .00 82.00 172.00
Kraft Semples i i . ‘
Pulp (ppt) _ 173 10.4¢ t3.00 0.400 116.00 3.55 -6.00 13.50 24.20
W _' 62 7.50 9.68 G.400 55,70 2.80 4,00 7.70 17.00
5W 98 12.11 1486 6.500 116,00 4.17 7.60 15.05 27.00
Sludge (ppt) * 106 .86 183 .08 0.900  1390.00 14.00 39.00 105.25 204.00
Effluent {ppq) 20 75 0% 103 67 3.100 . 640.00 16.00 35.00 95.07 189.00
Sulfite Ssmplas . ;
Pulp (ppt) 4 6.22 5.93 2.000 15.00 2.38 ~3.95 12.35 15.00
HW 3 7.13 £.92 2,000 15.00 2.00 A.4D 15.09 15.00
sw 1 3,50 .- 3.500 3.50 i.50 3,50 3.50 3,50
Siudse (ppt) 18 13.22 16,61 0.400 58.00 3.42 4.75 15.25 48.10
Effluent {ppq) 12 13,33 sn 4.500 23.90 9.72 12.00 156.00 22.70

BOR-DEYECTS = 1/3 DETECTION LEVEL

: . Lower Uppar 90
at.r N Hean Std Minimsn Mazimun Quartile ndian Quartils Bercentile
All Samples ' ' f _ .
Pulp (ppt} 217 868 12.29 0.050 116.00 1.%0 . 670 11,00 21.00
EW B4 5.84 ‘g.91 0.050 5%.76 0.720 3.30 §.00 16.00
EH 114 16.59 14.32 0.100 116.00 3.20 . 8.30 13.25 25,50
Sludge {ppt) 118 B2.A2 167.23 0.150 1345).00 8.?7 ~3z2.08 95.25 185,60
Efflvent (ppg) 133 53.70 ?2.63 1.500 &44.00 ) 6.15 35.00 £3.00 134,894
Kraft Sssples .:'" . >
Polp (ppt) 154 9.36 12.68 0.050 116.00 2.40 5.15 12.00 22.00
- HW T4 8,32 ‘9,25 0.450 55.70 1.57 3.50 6.25 16,59
SH 104 11.43 j4.68 4.250 1i6.00 3,92 6.50 14,00 26,30
Sludage (ppt} - 97 $7.17 181,03 0.700 1390.040 13.50 37.40 104,50 197,60
Efflusnt. (ppg} - : lazr 64 .47 100, 34 1,580 GAG. 00 $.20 24,00 81.00 164,00
Sulfite Sasples ' .
Pulp (ppt) 18 1.63 3.56 9.100 .15.00 a.15 0.30 1,47 546
B HW ] 2.81 5.15 0.106G . 1s5.00 0.18 0.3z 3.80 15.00
5w a 0.82 I.14 0.150 3.5 a.1% 0.32 1.10 3.50
Eludge (ppt) 19 12.53 16,42 0.150 58.00 3.20 4.70 14,04 47,00
B.1& &.4) 2.100 23.00 3.27 & .50 12,08 20,20

Efflusnt {ppq) 25
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4, ANALYSIS OF FIELD AND LAB DUPLICATE SAMPLES

Section 4 examines the wvariability in measurements of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF)
reported for sets of duplicate samples. Concentration values for duplicate -
measurements were plotted against each other to assess the degree of agreement, -
and the total variability in duplicate samples was analyzed to determine whac
fraction could be attributed to measurement error or differences in sampling and

analytical protocols.

The fact that the distrihutions of TCDD/TCDF concentration walues could

" be analyzed as apprdximately lognormal was important in two ways::to concretely o
characterize the .data from the 104 Mill Study and to analyze the variability in . .0
TCDD/TCDF concentrations attributable to duplicate field sampling or repeated

laboratory tests. Of the 500 samples of pulp, sludge; and effluent: from this’
study, clese to 130 (30 percent) were classified as field sample duplicates:.or
lab duplicate splits. '

- The wvariation in TCDD/TCDF measurements among duplicate samples was
evaluased.since a single value represént;ng the TCDD/TCDF concentration of each
composite sample was needed to compute the TCDD/TCDF mass exports linked to the
bleach lines at each pulp mill. Since the variability among duplicates was found -
to bé relatively small, the TCDD/TCDF concentration 'vaiués from dupiicate
analyses were averaged, first secting any non-detected values to half of the

repofted detection level.
4.1 CORRELATIONS BETWEEN DUPLICATE PAIRS

Figures 4-1 through 4-12 (located at the end of this section) plot-thé
concentration values of TCDD/TCDF for all pairs of field and lab duplicate
samples, subdivided by matrix into pulp, sludge, and effluent. The dashed line
on each plot represents the reglon of perfect agreement between duplicate
measurements. Non-detected samples were assigned a concentration value of half

the reported detection level.
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For purposes of estimating the approximate variability in each scatterplor,
particularly the wvariability orthogonal to the dashed 45-degree line, a 95

percent confidence ellipsoid is also ghown. For data that are approximately

bivariate normal in distribution, only 5 percent of the data pairs would be ..

expected to fall outside the ellipsoid (since the data are plotted on a log
scale, the assumption of bivariate normality is not unreasonable given the
goodness of fit results described in section 3.2). The widths of the confidence
ellipsoids for lab versus field duplicates or between different export matrices

roughly indicate the relative agreement between duplicate pairs in each case.

In general, both types of duplicate pairs (lab and field) show very close
agreement. Few points indicate any significant discrepancy between the measured
TCDD/TCOF concentration levels, although three of  the plots involving lab- -
duplicate pairs deserve special notice, In Figure 4-4, two pairs of TCDF pulp
samples are more disecrepant than the-resﬁ, both pairs came from the Champlon
International mill at Cantonment, Florida. In Figure 4-7, three pairs of TCDD'
sludge samples stand out; all three were collected from sulfite miils. The
laboratories that canducted.the analyses noted that producing reliahle results
was much more difficult for samples from sulfite mills than those from kraft

mills.

In addition, the three sample pairs of TCDF effluent duplicates in Figure
4-12 show less agreement -than'the others. Two of the- pairs -came  from the
Champion International kraft mill in Houston, Texas; the other pair was collected
at the Wausau sulfite mill in Brokaw, Wisconsin.

The relative agreement between lab duplicates is of particular interest.

since repeatad laboratory measurements on the same samples. provide. an estimate. -

of the variability in concentration levels due to analytical measurement error.
Though-the variability in field duplicates necessarily contains components due
to fiéld sampling protacel and re analytical measurement difference, very few
samples were labeled as both field duplicates and lab splits, so the variability
of lab duplicates in this. study cannot be assumed to be “contained" within the
variability of field duplicates.
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To support the visual impressions provided by the plots of duplicate pairs,

Table 4-1 provides the Pearson correlation coefficients between the various types

of field and lab duplicates, subdivided by matrix (pulp, sludge, and effluent). .

and pulping process (kraft and sulfite). The correlations were computed on the
logged data to correspond with the above plots. Except for TCDD measurements
computed for sulfitce mill lab duplicates, this measure indicated very strong

agreement between either fleld duplicate or lab duplicate pairs.

Figures 4-13 to 4-16 (located at the end of this section) Illustrate the
differences between TCDD/TCDF effluent pairs taken from kraft versus sulfirce
mills., While almost 90 percent of the kraft sample pairs (22 of 25) show very
.good agreement, at least 40 percent of the sulfite pairs (4 of 10) indicate

significant discrepancy betweern the duplicate analyses: These findings suggest+
that samples collected from-sulfite mills were more-difficult to'-analyze  thanm ©

counterparts collected from kraft mills.

4.2 ANALYSIS OF DUPLICATE. SAMPLE VARIABILITY

A formal analysis of variance {ANOVA) was also performed to determine the
- properzion of variability In TCDD/TCDF concentrations attributable directly to
field sampling technique or analytical protocol. The objective of an ANOVA is
te examine the total wvariation in a set of measurements and then partition the
overall variability inte smaller components. representing different: sources. of

error. Since the overall variation is known, the partitioning allows one to

.weigh each-particular-source of ‘error relative-to the total- and hence, to-rank ..

. the sources of error in degree of importance...

~ Although many sources .of variation can. be attributed.to the. TCDD/TCDF.

-concentration data, components resulting from field sampling and analytical error:

were of primary concern. One source of varfability that could not be measured
was the potential difference between the two laboratories performing che
analytical work. In only a couple cases were duplicate samples "split across

labs" before analysis; hence, all members of & duplicate set were generaslly

analyzed by-the same lab. Consequently, variability attributed to repeated lab

measurement comprises "within lab® differences. only.
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TABLE 4-1. PEARSON CORRELATIONS BETWEEN DUPLICATE PAIRS

d jcate N
Pulp 20
Sludge 9
Effluent 12

Kraft 11

Sulfite 1

Lab Duplicates
- Pulp : 19
Siudge ' 21
Effluent : 17
Kraft 12
Sulfite 5

c

TCDD
a

.952
.988
.985
.989

-

.994

L9453
.967
.983
. 735

21
10
13
12

16

18
13

Corr

TCDF
tion

.982
.987
. 982
.982

- -

. 950
.989
.874
.886
.897

Note: Correlations were computed between pailrs of logged

concentration values.
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Tables 4-2 an. - 3 provide a breakdown of the components aof total variation
in TCDD/TCDF concentratien values for field and lab duplicates within each
matrizx. For each matrix, the total sum of squared deviations (85) from the
overall mean was divided mathematically into two smaller sums of squares. The
first sum of squares (SS1) was formed by calculating the average concentration
value of each set of duplicate samples and then computing the squared deviations
of the duplicate set means from the overall matrix mean., Conceptually, SS1
represents the variation due to differences between average TCDD/TCDF values of

various duplicate sets.

The second sum of sguares (852) was formed by computing the deviations of
individual samples from thesverage concentration level within each duplicate
set-anﬁf:heﬁ-suaming;xcross all duﬁlicate_sets within the specific matrix. The
second sum of squares is of particular interest since it represents an estimate
of the variability due to differences between.samples within duplicate sets and
hence, is & measure of the amalytical measurement errvor. (Table Q—Z)'or.fiald.
sampling error. (Tahle. 4-3) encountered during the 104 Mill Study. .

It is important to realize that the two component sums of squares add up
to the total variation, so that SS = SS1 + SS2. In this context, one can judge
whether the percentage of the total variation due to field sampling or anmalytical
measurement error {582 percent) is large compared with all other sources of

variation, which are lumped together in SS1. percent.

Faor the cases in Tables 4-2 and 4-3, if one' considers the variability'ﬁ
resulting from "within duplicate set differences", with the exception of one
case, less than six percent of the toral wvariation can be attributed to
differences in either field sampling or laboratory analysis. Consistent with
the previous analyses, it can be fairly concluded that a minor portion of the
variance in TCDD/TCDF concentrations is attributable to field sampling protocol
or analytical measurement, Averaging the concentration values within duplicate

sets to form a single value for subsequent analysis appears to be justified.

The exceptional case involves effluent lab duplicates for TCDF where 12..

percent of the total wvariation can be attributed to differences between
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TABLE 4-2. ANOVA TABLE FOR LAB DUPLICATES

Marrix N 881 S512 S82 8§82z
Pulp
Log,,(TCDD) 32 11.528 99.5 0.055 0.5
Log,, (TCDF) 29 20.572 96.8 0.678 3.2
Sludge o
Log, (TCDD) 31 21.083 94,2 1.300 5.8
Log,,(TCDF) 27 19.089 99.1 0.167 0.9
Effluent .
log,,(TCDD) ' 25. 10.001.  97.5 .. 0.256. - 2.5
Log,,(TCDF) 27 13.886 88.3 1.845 11.7

§51= Between Duplicate Set Sum -of Squaresx .- Within each matrix,. ..

the deviations of duplicate set means from the overall
matrix mean . - :

§8§2= Within Duplicate Set Sum of Squares - Deviations of
individual samples from their respective duplicate set
means

$8= Total Sum of Squares - Equal to S51 + 582

SS1X = (S51/8S)y*100"

S§2% = (552/5S)*100
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TABLE 4-3. ANOVA TABLE FOR FIELD DUPLICATES

Matrix N ss1 sS1% ss2 ss2%
Pulp
Log,,(TCDD) 37 9.562 97.7 0.224 2.3
Log,,{TCDF) 39 17.971 98.9 D.207 1.1
Sludge
Log,,(TCDD) 15 5.027 99.0 0.050 1.0
Log,,(TCDF) 17 8.791 99.3 ¢.062 0.7
Effluent . “ s . :
Log,{TCDD)} " 21" -  5.016 99.1 ' G.043 ;0.9
Logio(TCDF). (" 23 . -  &6.688 . ~98.8" - 0.078 1.2

551= Between Duplicate Set Sum of Squares - Within each matrix,
the .deviations. of duplicate set means from the.overall
matrix mean

S§52= Within Duplicate Set Sum of Squares - Deviations of
individual samples from their respective duplicate set
means

SS= Total Sum of Squares - Equal to SS1-+ §82..

§81% = (851,/558)*100

§52% = (S52/55)*100
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analytical measurements within duplicate sets. While this fractien does not
appear to be unreasonably large, it is twice as high as any of the other cases,
including the corresponding S52 percentage for effluent TCDD lab samples.  4s -
was noted in Flgure 4-12, this finding can be attributed to measurement
differences from only 3 of 18 pairs of effluent samples; the remaining duplicates

appear to be in very close agreement.
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TCDD Concentration in PPQ

FIGURE 4-11
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FIGURE 4-13
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TCDD Concentration in PPQ

FIGURE 4-14
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x

. - mass output rate reported for that. export vector.. s’

5. PARTITIONING OF TCDD/TCDF MASSES INTO EXPORT MATRICES

Afrer analyzing the duplicate lab and field samples, average 2,3,7,8-
tetrachlercdibenzo-p-dioxin (TCDGD) and 2,3,7,8-tetrachlorodibenzofurarn (TCDF)
concenitration values were computed for each set of duplicates, These averdage

values were then grouped with non-duplicate samples to produce a modified data

set consisting of a single pulp concentration value for each bleach line and

single sludge and effluent concentrations at any given mill (non-detects being

set to half the reported detection level). The geal in this section was to use

the modified concentration data to compute estimates of the actual mass formation

rates of TCDD/TCODF for each papér mtll and then to characterize how the TCDD/TCDF

masses were partitioned into the exported vectors of pulp, sludge, and effluent.

Mzsx cutput rates were produced bscause - arr estimste.of the total amount .
of TCOD/TCDF generated at each mil) could not be made using concentration data
alone, since the output.flow rates of pulp, sludge, and effluent pruducts varied
graatly from nill to mill. The calculations involved multiplication of the

concentration level of each pulp, sludge, or effluent sample by the corresponding
ot

S{nce the pulp, sludge, and effluent cutflow: rates were reported in
different units, appropriate conversion factors were used a.‘s"'nec:'eSSary to
standardize- each mass rate:. Total mass export.ratves of TCDD/ICDF are reported
in either lbs/day or lbs/ton Air-dried Brownstock Pulp (ADBSPY. The latter rate
represents the total output per day divided by the pulp production. rare and
hence, provides. a mass output that s standardized for the size of the mill.
(All tables. snd figurea. faor section 5 are located aftar the text.)

5.1 VARIABILITY ACROSS EXPORT VECTORS

Tables 5-1 through 5-4 preovide relevant descriptive-statistics of che mass .
export rates for TCDD and TCOF, including the number .of mills, the mean and

standard deviation, the mimimpum and maximum, the median and upper and lowver

quartiles, and the 90th-percentile of che mass rate distributions. - For each
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matrix and analyte, probability plots (appendix B) indicated that the TCDD/TCDF
wass distributions could be approximated as lognormal. The tablds provide
corresponding statistics for the percentage of the total output at each mill
atrribhutable to each export matrizx (pulp, =sludge, and effluent). The same -
statistics were also recomputed after the mills were subdivided by pulping .

process (kraft and sulfite) and wastewatey treatment {Activated S'Iudge Wastewater - -

Treatment [ACT] and Aerated Stcabilization Basins [ASB]).

One of the most apparent findings of these tables is the” tremendous
variability exhibited from mill to mill within each matrix. Figures 5-1 through.
5-4 provide boxplots illustrating the range of variability from differentc. .

perspectives. . The first twe figures represent the percentage of total TCDD/TCDF;"E?‘:""-’ D

output partitioned to wach matrix. Each bokplot was constructed so that the top

and’ bottom edges -of -the box' represent  the: lower~ and .upper: quartiles :of the.< - -

‘distrifntion of ‘percentages vaker across all mills, while. tha line. dividing the
hox in two is the median. The two "whiskers* extending from the edges of the
box mark a range covering the middle 93 percent of all the data points, '

Figures 5-3 and 5-4 represent the distributions of TCDD/TCDF mass formatiom -
adjuﬁtﬂl‘l for the pulp production rate at each mill “(Ibs/torr ADBSPY. In either
_case,. it is clear: thbat. some mills. partition.ouch moze. of .their. TCDD/TCDF mass

to one matrixthan-the' others and that the pattern i% not- consistent from mill
to mill.

5.2 . KHAFY VERSUS SULFITE MILLS .

To .tagt the significance of the differences between kraft and sulfite wills
suggested in Tables 5-1 and 5-3, two-sample t-tests wers run on the logged
chservations of TCDD/TCDF . exports: one set for: the unadjusted mass rcates
(lbs/day) and one. for the mass rates adjusted by the 'mill-specific pulp
production rate (1hs/tcm~ ADBSP). The results are summarized in Table 5-5.

'Since the TCDR/TCOF wmass export. rates: followed appraximate lognormal
distributions, comparison of these variablas wes made am the log scale in. ordar

to make inferences concerning the t-test as valid as possible:. Such inferences”

are generally valid when the tested data have been sampled: from & normal "
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distribution, but not necessarily in other cases. An important canseguence of
using the logged data is that comparing arithmetic means on the log scale is
equivalent to comparing the geometric means of the mass export rates on the
original scale. When data follow an exact logmormal distribution the geometric ..
mean is equivalent to the median, Therefore, the comparison presented-here iz -
approximately one between the medians of the original data, which have been
listed beside the corresponding means of the logged data in Table 5-5. For
highly skewed data, such as that encountered inm the 104 Mill Study, medians
actually provide a better impression of the bulk of the sample since the effect
of outlying points on the median is minimal. -

. Several points. should be kapt im wind when inzerpreting the results of. ..
these sfgnificance tests, T-tests are designed to indicate how likely it is that
anr observed mean differsnce between two- groups of-sample: dacva: reflects an actuals.~ .

“- ZdIffir!nne betwaen the aversll means. of the populations from which the samples

were ‘taken: - The® p-value is one’ measure of this likelihood and répresents the
probabilicy thar if the study were repeated from- scratch and a new set of -
measurements. procured, one wauld observe z difference between the samples at S
least as. great. as the difference already observed, agguming that™“'ge real

difference wgs expected. Low.p-values.suggest that real.differences bé:men- the
two groups. probably exist (i.e., that the chasrved differences are statistically
signtfteaned .

Woan. comparing .the mass rates . that are unadjusted for mlll-specific pulp
production rates (lbs/day), the p-values of Table 5-5 indicate that significantly"’
more TCDD/TCDF was exported at kraft mills than sulfite mills when considered
on a total basis and for each export macrix separately. -

When the sdjusted msas rates. (lbs/tox ADBSPY were-compared, ‘thq- results

- changed only slightly: signifi{cantcly more TCUD/TCDF mass was exported at. kraft
mills than sulfite mills for pulp and effluent vectors and for: all exports
combined. Howevar, tha difference batween kraft and sulfite wmills with respeci . .
to TCDD/TCDF in sludge was not found to be statistically significsat.

Nevertheless, in the sample data, kraft mills tended to export more sludge- .
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hased TCDD/TCDF on average than their sulfite counterparts.
5.3 ACT VERSUS ASB WASTEWATER TREATMENTS

Te interpret- the main findings of Tables 5-2. and 5-4 with regard ta.
wastewater treatwent gifferences, Figures 3-5 through 5-8 provide boxplots of
the TCDD/TCDF output rates showing the percentage of total output attributable

to sludge or effluent vectors, classified by wastewater treatment type.

The boxplets illustrate that the percentages of tetal TCDD/TCDF output to -
sludge and effluent vectors were highly variable from mill to mill; however, ~
thera‘was a consistent tendency for the.mai_ﬁan percentage of TCDD/TCDF outflow
to sludge to be much higher for ACT than ASB, and the corresponding percentage
‘of autflow to effivant to be-lowery The ssme diffsrencas batween: Craatment. Cypasy.
weras axhibited by kraft mills: considexed: sepirataly;- among sulfite mills, only
one with ugable data employed ASB-type waste treatment, so a similar comparison

was not feasible.

In part, the pattern exhibited in Figures 5-5 .throu.gh 5-8 with krafr and
" sulfite mills combined is probably attributable. to:the :limfvattons of the data. ** -
.Sludga samples.-takan. from. ACT treatmant. systems.consisted of bath primary and
secondary. siudges, while rhose. collectsd  from: ASB: facilities . .only comprised
primary sIudge. Had representative secondary sludges from ASB-type treatment
systems. been obtainshls, the estisated sludge-based TCOD/TCDEF mass exports for
ASB mills would have probably been higher than observed. Since the overall
TCDD/TCODF mass rates would also be higher, this would have simultanecusly raised
the percent of total TCDD/TCDF output typically attributable to sludge and
lowered the percent of tatal TCDR/TCDF output attributahle to effluent, making
the observed diffarences between ACT.and. ASB treatments. less.dramacic. . -

Figures 5-9 through 5-12 provide boxplatg of the effluent. and sludge

TCDD/TCDF mags export rates (in lbs/tonADBSP) on a logarithmic scale, subdivided. .

by type of waste treatment. When considered-on a mess rate basis instead of a '

percentage of total output, .sludge-based TCDD/TCDF again appears to be

significantly higher on average at ACT mills-than ASER mills. How much of this’"
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difference is due to the different nature of the sampled ACT sludges versus ASB

sludges can not be estimated.

Sampled effluencs from the 104 Mill Study should be more directly
comparable, and in this case, the export rates of efflusut-hased TCDD/TCDF tended. .
to be somewhat higher at ASB mills. than ACT mills, though not i every |
comparison. Medlan effluent TCDD exports were slightly higher for ASB mills than .

ACT mills, but the reverse was true for effluent TCDF. exports.  Im both cases,

however, the lower and upper quartiles were larger for the set of ASB mills,
suggesting that the middle 50 percent of ASE mills tended to export more effluent:™
TCDD/TCDF than the middie 50 percent of ACT mills. '

T-tests calculated on the logged TCDD/TCDF mass export rates partially

confirmed the visual impressivns of Figures -9 to-5+12 (Table+5-6).  Considered....
" o thve hasim i of" production-adjusted mass export rates. (lbs/ton -ADBSP),. na.

significant difféerances at the 5 percant ‘level were found between the median
effluent export rates of ACT versus ASB mills. However, wmilla.with ACT-type

waste treatment exported significantly wore TCUDD/TCDF in sludge- vectors thamw =

mills with ASB-type treatment. The same results were echoed by kraft. amills .
scongidered separstaly. It should also be noted that the results were somewhat
diffarcnt m cmidering unadjuated . TCDD/ICDF mass. output rates (1lbs/day).
Iu chat case: signtftmtly more’ effliant: TCDD- was: axported: by ASB-type waste .
treatments than ACT-type treatments; the same was not true for effluent TCDF or
for kraft mills comzidered. separateiy.. .

5.4 OVERALL PARTITIONING QF TCDD/TCRF

Ple chartd representing the- ovarall paxtitieming of TCDD/TCDF inte pulp,

- sludge, sud effluent are presented in Figures 5-13 to 5-16. - To construct each
. pie chart, total TCDD/TCDF.mass exports (lbs/day) were summed across all mills
 for each matrix, and the percentage of the total exported. to pulp, slud.ge, or

effluent is shown on the chart. Similar pie charts were: also constructed. for .’

kraft and sulfite wills ecomsidered separataly. .These pie charts indicare.
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the estimated. total daily outputs of TCDD/TCDF poundage for all U.S. bleachad
pulp mills that had usable data.

To accompany the pie charts, Tables 5-7 and 5-8 present che total mass
cutpurs ef TCDD/TCDF summed across all kraft or sulfice mills, the corresponding -
average output per mill, and the percentage of the total summed output exported
to pulp, sludge, or effluent vectors. The two tables differ in that the first
provides total outputs wirheut adjustment for the pulp production rate at each
will, while the second sums the output of each mill after dividing first by the

pulp production rate, to normalize for mill size.

TCOD/TCDF cutputs for kraft miils were considerably larger on any basis
than the ourputs for sulfite mills. However, kraft and sulfite mills exhibired

- similar- patternx of the percentages- of ;tatal: output parcicioned. to differant.c -
matrices:  With-one- exceprion- (TCDD: output. at sulfice mills),. tha largest.

fraction of TCDO/TCDF mass output was partitiomed to pulp, being more than 50
percent for TCDF exports from suifite mills.

Cansidering the total estimated mass outputs of TCDD/TCDF for all matrices

‘combined, these data suggest cosbined production totals of clase to 0,004 Ibs/day

of TCDD .and. 8.032.1bg/day of TCDF. at, U.S.. hleached pulp.mills. Estimates of the

- per mill averages:ware:close re 000005 Ibs/day. for TCOD and, 0.00048 lbs/day far

TCDF; however, substantial variatian in the TCDD/TCDF mass exports was exhibited
from mill te will. .
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ICDE Exporte

ALl Samples

TCDD in Pulp (lbs/day)*10*
TCDD in Siudge (lba/day}*iGF

TCOD in Effluent {Lbs/day}*ip*
Total TCOD (lbs/day)*10%

ICDD in Pulp (lbs/tou ADSGE)*I0

TCOD in Sludge (Ibs/tom ADBSPI*1O*
TCOD in Effluent {lbs/toy ADESP)*10*
Total TCDD (lbs/pon ADBSP)*10*

X TCDD OUTBUT to Pulp
X TCDD OUTPUT Lo Sludgs
I ICCD OUTPUT to lfflugnt

Kraft Ssaples

TCOD in Pulp {ihs/dey)*}i{*
JCOD in Sludge (los/day}*id*
TCOD in Effluent {lba/day}*i0*
Total TCDD (iba/day)*10*

TCOD in Pulp (ibs/ton ADRSP)#*10°
TCDD in Sludge (ibs/ton ADBSP)*10°
TCDD in Efflusnt (lhs/kos ADBSP)*10°
Yotal TCDD {lba/top ADBEF)IIP®

% TCDD OUTPUT to Pulp
I ICOD QUTRUT tq Sludge
% TCDD OUTPUT ta Efflusnt

Sulfite Sewplas

TCDD in Pulp {1lbs/day)*ip*
ICHD in Sludge (lba/duy)®:g*
TCBD in Efflusnt (iha/dey}¥)o*
Total TCOD (lbs/day)*le* - -

TCOD in Pulp (lba/ton ADBEF)*i0*
TCOD in Sludse (lbs/tan ADBSP)I*10Y
TCOD in Effluent (iba/ton ADBSP)*10°
fotal TCOD (lbs/ton ADBSP)*10°

1 TCOD OUTFUT to Pulp
1 TCDD GUTPEUT to Sludge
1 ICDD OUTPUT Lo Efflusni

o

N ;‘.""r' . H

TABLE 5-). RESCRIPTIVE

STATIEIICH !!I! !K!!Q

—

e L - . Lowsy Upper S0LA
.} pesn §d lHiplem Mo Quartile  Percentile

100 1575 22.08 0.072 - 140.89 1,36 8.6  19.20 45,02
99 13,35 3454 p.000 . 24D.3 .45 8.86 7.01 34.05
97 j2.0f W92 0094 133.40 .99 §.30 14,13 36.11
s 42.18 §1.313 £.507 - - 27408 L > 18.60 49.47 115.24

s . : _g_ﬁ iy .

1. 1.7} 2.27 8.019 FLR 7 0.30 0.98 2.26 .38
9% 1.28 2.60 0.000  §5.9¢ 0.05 8.25 1.30 3.88
7 1.32 1.90 0.011 .88 0.17 0.57 1.3¢ 2,79
9 4.3} 5.3 0.066 .56 0.96 2.13 5.95 11,02
95 2992 22.4a  2.835 908 2198  40.19  59.03  70.08
93 25.79 24,39 0.000 8s.79 4,31 16.67 45.18 €2.50
$5 3430 23.47 1.53 8.5 14.63 32.10  49.30 72.35
B4  18.33  23.25 0.084 140. 80 1.20 10.85  23.35 48.58
83 15.4p 37.34 0.000 34030 0.46 10._85 7.73 50.49
4L p.oy 22.35 0.163 123.§ 1.43 5.82  18.04 31.51
80 .8 £4.55 0.6%2 . 11,43 24.37 6B.21  136.78

o LI T
8% 1.9% 2.39 p.010 1u 0.50 1.16 2.38 4.5%
%] 1.44 2.80 0.000 159 .bS 0.25 1.46 4.29
81 1.38 2.0 g.011 10.88 .23 0.61 1.720 3.01
80 4.8¢ 5.57 n.066 30.56 1.2 2.80 6.53 12.14
80 43.05  20.55  4.046 840 2478 41.90  60.5%  70.29
o 23,91 3.3 0.600 s 18 3.5t 15.7%9 43,50 §0,62

g0 .5 2N 1.5% 86.08 14.66 26.84  AG.4S §9.20

15 0.8 143 0,072 ‘.9 $.13  0.20  1.22 4.04
§ 1.5 2.9 0.026 p.22 0.26 0.20 1.5¢ 6.63
5 1.31 1.33 0.094 430 024 0.83 1.78 4.19

14 3.90 .61 6.307 12.20 1.34 2.42 5.59 11.04

15  ©0.35  0.97  @.620 3.00 0.03 5.06  D.40 1.73

14 0.§7 D.44 4.408 1.3/ 0. 0¢ 8.16 #.69 1.2+

15 .} n.37 p.on 1.28 0,11 g.1% f.42 1.1t

I4 1.0 1.19 p.206 4.9 0.27 B. 46 1.55 3.32

1« 2198 2613 2.835 91.08 6.20  10.48  26.87  78.65

s 3srn 23.712 1.935 17,30 12,23 .77 55.80 70.94

14 §2.32 2?.5? §.981 86._3 12.37 39.54 £3.30 86,21
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TARLE 5-]. DESCRIPTIVE STATJSTICS FOR TCDP

-' o .7 Lowsg lUppet ETL
ICDE Exporte B peay  gtd  Mipiow Magiouy  Quarbile Medien Quartile  Percentile
All Semples L CL
TCDF in Pulp (lbs/day)*10% 102 147.80 339,14 p.osa gsza.an 5.26  31.63 127,62 356.47
TCDF in Sludge (lba/day)*30¢ 102 p2.92 273.27 0.000  $394.00 1.7 31.63 41,93 189.82
ICOF in Effluent (iba/day)*}0* % ph.14 azs.e2 0.0%54 43.00 433 15.3% 71.96  273.40
Total TCDF (lbs/day)sic* % 3. N1.90 0.743 . K513.00  22.50  74.64 326.92  735.34
£ i " . & : .
TCDF in Pulp (lbs/ton ADB3P)*10° 102 #0.96 $2.53 p.010 = 524,01 0.93 3.9 13.89 £5.58
1CDF in Sludge (lba/ton ADNSP)®10° 192 “8.75 33.77 0.000 98,59 0.7 1.36 5.26 23.30
TCOF in Effluent (lbs/ton ADBSP)*10* 99 12.87 41.60 a.018 4N 0.64 2,08 7.22 29.99
Total TCDF (1ba/ton ADBSP)eI1O® . Y3 43.29 © 116.62 £.147 95}.88 3.46 8.62 30,42 120,54
i TCDF Output to Pulp % 43.96 - 23.a7 0.590 - .92.18  35.33  45.23 61.64 76.84
I TCDF Output to Bludgs 9% 25.43 24.98 0.a08 © 98,81 2.9¢  14.98 a4.90 §2.02
I TCOF Output to Effiusat 6 3022 32.19 6.323 B6.8¢  3{.0¢ 2¢.29 44 .47 §4.62
. 30.32 ; ped ; ;

Kraft Semplea —— . — __’
TCDF in Pulp (lbs/day)*10° 85 I162.67  363.%4 0.455 3523.00  }0.93  35.75 132.20  399.20
TCDF in Sludge (lba/day)*ld* 83 $4.41  297.17 0.000 2394.00 1.59  35.75 57.59  203.36
ICDF in Eftluent {ibs/day)}*10 82 1P6.85  248.61 0.417 1542.00 5.07  21.9 77.66  282.6k
Tot.al TCDF (lbs/day}*10* 80 31493 76428 2.138 451,00 20.30  98.79 370.95  795.462
TCDF in Pulp (lbs/ton ADASP)*10° 85 32.47 §7.53 0.0%0 524.01 1.65 .30 14.09 46.17
TCDF in Sludge (lbs/ton APBSF)*10° 85 9.87 25.72 p.000 19%.59 0.12 1.32 6.26 28.32
TCDF in Effluent (lbs/ton ARBSPI*10° 82 14.%7 45.30 0.048 365.71 0.78 2.52 8.11 30.39
Total ICDP {lbs/ton ADRSE)®1p* 80 48.30 126,16 0.147 ¥$53.88 4.66  10.45 .18 122.87
t TCDF Output to Pulp o so 46,67 21.34 4.383 92.18  26.04  45.49 64.27 71.04
I TCDF Qutput to Sludge B &0 23,32 23.46 0.000 91.33 .76 15.59 43.03 60.36
I ICDF Qutput to Effluent i 80 2002 21,41 0.323 %84 1122 26.99 44,47 64.26
Sultite Sawples i :
TCOF in Pulp (lbs/day}*10% 15 52.98 15947 0,093 61570  0.18  2.03 8.5  328.42
TCDF in Sludge (lba/day)*10% 15 14.26  39.09 q.000 154.90 1.77 2.09 7.46 69.09
TCDF in Efflugnt (lbs/day)e}g* 15 £56.17 70.82 6.054  27%.490 0.59 1.61 8.18  153.42
Totsl ICDF (iba/day)*1a% - - 14 p9.12  275.66 9.743 1044 .00 4.31 9.19 22.29  564.41
TCDF in Pulp (lba/ton ADASP)*10Y IS 1039 26.4%  0.010 85.80 .05  D0.42 1.9  73.08
ICDF in Slufige {lbs/ton ADESP)*10° 15 2.71 5.4l 0.000 21.59 0.18 1.40 2.87 11.56
1CDF in Effluent (lba/ton ADBSP)*10° 15 3.96 .47 .01 38.10 0. 19 0.73 4.0 19.57
Total TCPF {lbs/ton ADBSP)*I0* 14 130 38.04 0.243 145.48 0.94 3.47 8.45 78.0%
T TCOF Output to Pulp 1 14 26.%2 28.18 Q.59 90.70  §.47  12.10 53.80 7487
T TCDF oul.ﬁt t: 81u§4. 14 40.82 29.73 .002 $3.81 13 81 39.25 52.01 88.62

8.08  25.28 54.09 81.92

1 TCOF Output $o Effluent 14 2. 20.04 3.624 8’.56
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TABLE 5-5.

DIFFERENCES BETWEEN PULFING PROCESSES

TCDD Exports

Total TCDD
Kraft
Sulfite

Pulp TCDD ’
Krafe
Sulfite

Sludge. TCDD.. .
Krafes
Sulfitce ’

Krafe
Sulfite

_TCDF Exports
(lbs/davy * 10%: ..

Tawal TCDE.
Krafr .
Sulfite.

Pulp TCDF
Kraft
Sulfite

Sludge TCDF
Krafe
Sulfite

- Effluent TCDF

Krafe -

Sulfite

84
15

76.

Effluent TCDR v s .0

80
13

N

79

14

85
15

7&
14

81 -

15

o oo N

o

O~

1.355 7.371
0.411 :
0.892 7.804
-0.426
0.6T6e - 3,326
-0.19%
S 0.714 5.365
-0.122
Logged: . :
Mean L-geat
2.021 4.363
. 1.050
1.588 " 4,259
0.302"
1.120 2.405
0.466 -
1.340 ~3.434.
0.416

p-value
.Q00
.000
.03

. 000

.001 -
.027

.003

Note: Two-sample t-tests for difference between logged means
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TABLE 5-5. DIFFERENCES BETWEEN PULFING PROCESSES (CONTINUED)

KRAFT vs SULFITE
TCOD Exports lLogged
bs/to * 108 N adia Mean t-sta p-value
Total TCDD
Kraft 79 2.8 0.420 4,792 .000
Sulfite 14 0.5 -0.192
Pulp TCDD
Krafr 84 1.2 -0.028 5.530 .0C0
Sulfite 13 g.1 -1.010
Sludge TCDO :
Krafe 76  0.25 -0.478. .52, . .IAR
Sulfite i4 0.16 -0.79%4
Effluenc TCDD
Kraft 80 0.6 -0.212 3.677 .00L
Sulfite _ 15 0.2 -0.705
TCDE Exports Logged ..
Total TCRF
Krafe© 79 10.4 1.087 - 3.026° .gor
Sulfice 4 3.5 0.447
Pulp TCDF
Kraft 85 4.3 0.664,- 1.044. -. 004
Sulfita . 15 0.4 - -3.28%
Sludge TCDF
Kraft 76 1.3 0.169 '~ 1.097 - .286 . ¢
Sulfire 14 1.4 -0.137
Effluent TCDF
Kraft 8l 2.3 0.414 - 2.389% = .028
Sulfite 15 0.7 -0.le7

Note: Two-sample t-tests for difference between logged means
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TABLE 5-6. DIFFERENCES BETWEEN TREATMENT TYPES

ACT wvs ASE
AlL Mills Logged
{1bs/day) * 10° N Median _Mean K  f-stat  p-ovalue
EffIuent TCDD
ACT 40 2.9 0.409 - -2.583 .012
ASB 43 9.4 0.820
Sludge TCDD .
LacTr 39 7.3 0.568 - 1.245 L 217
ASE A Y- ; 11.4 0.324
Effluent TCDF
ACT : 42, 0 1z2.Q.. . 1.11). ~-l.43& = .149
ASB... : 41 318 1.4030 - e ' '
STudga TCDF ' Lo . '
ACT " . 39 -28.4. 7 '1.230 1,282 .21
ASR . 45 39.0 C0.954
Krafz Mills s Logged
Effluent TCD. - " : :
ACT - - 28 4.5 Q.623. -1.438 .156
. ASE 41 10.3 0.862
Sludge TCHN ' :
ACT 28 5.8 0.829 2.459 . 016
ASH 42 2.0 0.34Y
Effluent TCD¥ -
ACT 29 22.8 1.337 -0.489% 627
ASB . 41 31.8 1.434 - :
Sludge TCDF
ACT 28 33.7 1.5325 . 2.745. L 008
ASR : 42 6.6 0.938

Note: Two-sample t-tests for diffsrence berween logged means
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TABLE 5-6. DIFFERENCES BETWEEN TREATMENT TYPES (CONTINUDED)

ACT VS, ASB

All Mills Logged

{(1bs/ton ADBSP) * 10° N Median _Mean t-stat -value

Effluent TGDD
ACT 40 0.5 -0.351 -1.201 .233
ASB 43 6.7 -0.191

Sludge TCDD
ACT . 39 0.6 ~B.205 2.672 009
ASE ' 45 0.2 -0.699

Effluant TCDF _ '
ACT 41 2.1 0.238 " "-1.074- 288
ASB 44 2.9 0.438 '

Sludge TCDF
aACT 39 2.9 0.458 2.462 .016
ASE ... 45 0.7  -0.069

Kraft Mills = Lagged.

{(lbs/ton ADBSP) * 10° = N Medisn .Mean. t-stag. p-value.

Effluent TCOOD. = . ' -

- ACT 28 0.6 -0, 219 - 0,430 . 668

ASB 41 0.9 -0.158

Sludge TCDD
ACT 28 1.0 ~-0.015. 3.518. . . .Q01.
ASB. : 42 0.2 -0.687 -

Effluent TCOF .
ACT 29 3.1 0.689 0.388 .699
ASB 41 2.0 0.415

SIudge TCDF
ACT 28 5.0 0.681 3.612 .a0L
ASB 42 0.8 -3.09G

Note: Two-sample t-tests for difference between logged means
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EFFLUENT

FIGURE 5-13

ALL MILLS INCLUDED

- SLUDGE

TOTAL TCDD EXPORTS (lbs/day) * E+06

MATRIX  SUM
PULP 1.517
SLUDGE 1319
EFFLUENT 1170
TOTAL 4,006




FIGURE 5-14

TOTAL OUTPUT: TCDD

KRAFT MILLS | ~ SULFITE MILLS

PULP

PULP
EFFLUENT

74

EFFLUENT

SLUDGE
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EFFLUENT

FIGURE 5.1y

TOTAL TCDF EXPORTS (lbs/Qay

- ALL MILLS INCLUDED

PULP

45.6 %

281 % | 263 %

SLUDGE

E+06

MATRIX  SUM
PULP 14642
SLUDGE 8429
EFFLUENT 9024
TOTAL 32,095




FIGURE 5-16

TOTAL OUTPUT: TCDF

KRAFT MILLS | ~ SULFITE MILLS

PULP | PULP

18

451 %

22 %

EFFLUENT

"EFFLUENT

Note: Percentages may not add tq 100% due to roupding error.

SLUDGE



TABLE 5-7. STATISTIGCS FOR TCDD/TCDF (BY MILL PROCESS)

Mil ore
TCDD Exports N Sum Mean Z(Totaly
TCDD in Pulp (Ilbs/day)*10° 80 1,486 18.6 38.0
TCDD in Sludge (1lbs/day)*10° 80 1,280 - 16.0 32.8
TCDD in Effluent (lbhs/day)*10° 80 1,141 - 14.3 29.2
Total TCDD (lbs/day)#10° -~ 80 3,907 48.8" 1060.0
O TCDD'in Pulp (1bE/dey)riot 14 12 0.% 23.0 .
©  TCDD. in Sludge. (1bs/day)*10% - : < : - 14. 22 1.67 40.5
TCDOD in Effluent (lbs/day)#*10% 14 19 1.4 36.5
Total TCDD (1bs/day)*10* ‘ 14 53 3.8 100.0
ICDE Exporpts.. . : K Sum HMean 2(Iotal)
TCDF in Pulp (lhs/day)*10* 80 13,525 169.1 45.1
TCDF in Sludge (Lbs/day)*10% 80 7.996 100.0 26.7
TCDF ‘tn Efflusnt (lbs/day)*10 80 8,475 - -.105.9% - - 28.2.
Total TCDF (lbs/day)*10°® . 80 29,996  374.9 - 100.0
MILL Progesz=9ulfits..
TCDF in Pulp {(lbs/day)#*10% . 14 649 46.4 52.0-
TCDF in Sludge (lbs/day)*10° 14 216 15.3 17.1
TCDF in Effluent (lbsg/day)*10¢ 14 38 . 27.5 30.8 .

Total TCDF (lbs/day)*10° R 14 1,248 89.1 100.0

Note: Discrepancies may result due to rounding errors. T
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TABLE 5-§. STATISTICS FOR TCDD/TCDF (BY MILL PROCESS)

M o4 -
TGDU Exports N Sum
TCDD tn Pulp (lbs/ton ADBSP)*1(% 80 158
TCDD in Sludge (lbs/ton ADBSP)*10° B0 119
TCOD in Effluent (lbs/ton ADBSP)w10® 80 111
Total TCDD (1lbs/ton ADBSP)*10° 80 388
Mill Procegs=Sulfite
ICDR EXports . X sun
TCOD in Pulp (1bs/tow ADBSPY#10* 1 4
TCDD in Sludge (1lbs/ton. ADBSP)¥*10% - 15 5
TCDD in Effluent (lbs/ton ADBSP)*10° 14 5
Total TCDD {lbs/ton ADRBSP)*10° 14 14.
Mill Frocesg~Erafc
TCDE Exports . . X S -
TCDF in-Pulp (1bs/ron ADBSPY*IQ* - = 80 1,907
TCDF in Sludge (lbs/ton ARBRSP)*10° 80 819
TCDF. in . EffIuent. (lhs/ton ADBSP)*10° a0 1.145. .
Total TCDF (lbs/ton ADBSP)#10% 80 3,866
Mill Zrocess-Sulfite.

TCDE _Expoxts B Sum
TCDF in Pulp ¢(1bs/ton ADBSE)*10% - 14 97
TCDF in Sludge (lbs/ton ADBSP)*10° 14 41
TCDF in Effluent (lbs/ton ADBSP)*10% 14 55
Total TCDF (lbs/ton ADBSP)*10% 14 193

Note: Discrepancies may result due to rounding errors,
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Mean-
23.8

10.2

14.3

48.3

6.9
2.9
5.0

13.8

X{Total)
40.7
30.7
28.6

100.0

LLTotaly

49.2
- 21.2
29.6

100.0

30.3
21.1
28.7

100 .0



&, ANALYSIS OF TOTAl. SUSPENDED. SOLIDS

Since the preceding analysis uncovered differences between treatment cypes
Activated Sludge Wastewater. Treatment (ACT) and Aerated Stabilization Basins
(ASB} with regard to the rates at which 2,3,7,8-tetrachlorodibenzo-p-dioxin _,
{TCDD) and 2,3,7,8-tetrachlorocdibenzofuran (TCDF) were exported to sludge and.r.
effluent vectors, a more extensive analysis was made on a measured variable
suspected to affect wastewater treatment performance:; total suspended solids
(TS58). It has been suggested that ACT and ASB treatments dfffer significantly
with regard to average TSS levels, so the goal 6f the analjsis-"in section 6 was ' . -

to assess sny potemtial relationship between TCDD/TCDF formatfion in sludge and " '0

effluent and total suspended solids levels at the waste treatment . facilities.

Since  important characteriscica’ of kraft and sulfite. mills were qu.iéé
" diffevent, any potential relationship betweenTCDD/TCDF formation and TSS might
be maskad if both mill types were analyzed together. As it was, the number of
sulfite wills was small, and only one sulfirze mill with usable data employed an
ASB-type waste i:reatment. so the analysis was confined to ACT-trsated or ASB--
treatad kraft - milis. 4-.’. {Please note that. all figures and tables. are located atc
.the end of the text.). ' o

Prel‘ﬂiim:y»- exenmination of the TSS data indicated that the distribution
of wvaluss could be approxiamated by a lognormal density (appendix B). A
subsequent two-sample.t-test on the logged TS5 values.indicated that tha average -
total suspended solida contant of ACT systems was significantly higher than that
for ASB systems at the. 5 -percent level. Variatfor in the TSS data by treatment
type is shown in the boxplot of Figure 6-1; descriptive statistics for che TSS
" levels axe-provided im Table 6-1, classified by pulping.procass and wastewater

treatment..

Given the:ghserved differance In treatment types with respect to.average .
TSS levels, the naxt step. sas tao determine to what degree 'KSSImls‘mli
explain differences due to wastewater treatment in TCDD/TCDF m: outpyrs. to
sludge and effluent, Relationships between TS5 and TCDD/TCDF mass exports to
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sludge and effluent were explored ang tested for statistical significance. Using
TSS as the independent wvaxiable, the dependent variables included TCPD/TCDF mass
exports to sludge and effluent inm both lbs/day and lbs/ton Alr-Dried Brownstock
Pulp (ADBSP).

Examination of the  dependent variables and their distributfonsl
characteristics via probability plots indicated that the TCDD/TCDF mass o;.ltput
variables might reasonably be charactrerized by leognormal distributions {appendix
B). Plots were then made of TSS versus each of the dependent variables on a log-
log scale, which enabled estimation of regression equations from data that =
resembled bivariate normal scatterclouds, a prerequisite for using normal theory

estimates of the stahility of the regression lines.

Each of. the.scatterplots.vas.overlaid with a best. fitting linear regression . .
anst 90 percent: confidence’ bands. The 90 percent. confidence bands provide an
approximate canfidence  interval for the estimated regression mean within the
range of the data at each value along the independent axis. Computation of each
confidence baxi was based upenr the t-staristic for the estimated Tinear slope
and the estimated standard error in the dependent variable at any' given point

x, along the independent- axis.

Visual. inspectien. of. Figures: 6-2 cthrowgh 6-5 iodicates that for any fixed
' TSS lavel, the variability from mill to mill in effluent and sludge TCDD/TCDF
mass exports was suhstantial. The regression lines aoverlaying the plots
estimated the average behavior of the TCDD/ICDF exportsg as TSS levels varied;
howevex, none of the correlations between TSS and TCDD/TCDF exports was very
strong. Clearly, T5% iz not the anly factor that affects amounts of TCDD/TCDF
found in sludge gand efflusnt, and it may not be:a dominant factor:-

The estimared regression equations are presented in Tables 6-2 and 6-3.
Note .that since rhe regressions were performed on the logged data, che

relationships suggested are not linear in the original units. Rather, che model

implies that when the slope coefficient is significantly different from zero, ' .

the TCDD/TCOF mass output is proportional to a powex of the TSS. level.
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Tables 6-2 and 6-3 confirm that the correlations between TS5 and the
corresponding TCUD/TCDF mass outputs were racther weak. The largest. fraction of.
explained variance (as indicated by the R? statistic) for any of the varfables
was less than 5 percent. The linear regressions suggest that TCDD/TCDF effluent
mass ratas increasad somewhat with larger TSS levels, while TCDD/TCDF sludge mass.
rates decreased slightly as TSS increased. . However, none of the estimated.: .
regression slopes were significantly different from zero—at the 5 percent level.
Very similar results were found for each matrix and analyta when considering.
either the:unadjusted or adjusted mass export rates. -

Since ASB and ACT-type treatments were combined {n the previous plots, the “
last step in this section was to subdivide mills by waste treatment and recompute
possible lLinear-velationships batween TSS and the TCRD/TCDF mass exports. This
was considersd important primarily because the sludge samples taken ar ASB
facilitias conzisted of primary siudge only, vhiles. thasa. att: ACT facilities
~ consfsced of composites sasples of primary and secovdary sludges. Figures .

 6-6 to ‘6-9--.:'!- redrawings of Flgures 6-2 to 6-5 that indicats the type of waste - -.

trearmant. used at eack scarterpoint (ACT or ASB), and & ragrassion overlay = -
corresponding to each wastevatsr subgroup. "The separats regression equations '

for each type of wasta treatnent are presented in ‘i‘ahlns.---s-a through 6-7.

Faor bdoth wastewstar Creataent CYpes,. large -TSS- levels  vere- somavhat
‘associated with higher TCOD/TCOF exports to effluent and lowver TCDD/TCDF exports
to sludge. In each case, however, the dats from ACT-type treatment facilities
were more sharply sloped than data-from ASHE systams. These:visual results were
supported by the regression statistics listed in Tables 6-4 through 6-7. None
of the estimatad. slapes. for cthe ASE silla were significaat at. tha-3.percent
level; howsver, several of the relationsiiipx becween TSS and TCDD/TCDF exports _
to sludge and sffluent ware significane for ACT millis.. Again, thse estimaced  ’_ _
correlations wers weak, but in some cssss: total. suspsuded. salids. accounted for. -
close to 20 percent of ‘the total variability: in TCDD/TCDF uass sludge and
efflueri_t: exports at mills using ACT treatmsmt. e

Based on thix snaiyals, 1t iz difficult o detaraine-whether-ISS influences .
the proportions of TCDD/TCDE mass ewxported ta:sludge _.md affluent vactars., The e
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proportion of total variatien in the TCDD/TCDF data explained by the TS5 level

{chrough the BR? statistic) did not exceed 20 percent for auwy af the regressions

calculated. It is also possible that other variables were present in chese déta

that might have masked relationships between TSS and TCDD/TCDF exports. The

study design did not permit a more complete analysis. However, there did appear

at least a weak link between the TSS level and che TCDD/TCDF sludge and effluent
export rates for kraft mills using ACT-type wastewater facilities. If such a

iink exists, the level of TS$S may help to explain the cbserved differences.
between ASE and ACT waste treatments with respect to TCDD/TICDF found in sludge

and effluent.
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7

TABLE 6-}. DESCRIPTIVE STATISTICS FOR 7SS

lbwg: Upper goh
B tean &4 fiplaug  Hexious Quagtile  Median Quarcile  Percengile
ALl Mills 81 61.50 50,48  5.800  273.00  25.63 46.30 81.15 126.72
Kraft Milis 67 52.61 36.19 5.800 144.60 22.40 45.80 70.00 115.40
AGT 25 60.02 34.40 14.400 144.60 41.90 47.20 78.25 119.80
ASB 42 48.20 36.91 . 3.400 143.80 18.95 35.70 69.88 112.26

Sulfice Mills 12 111.85 85.69 26.800 273.00 32.44 87.05 182.20 264.18
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TABLE 6-2: TCDD EXPORTS (TREATED XRAFT MILLS ONLY)

TSS 1ud *10é
Equation: Log,(Sludge TCDD) = 1.227 - 0.431 * Log;s(TSS)
R? = .022

Adjusted R? = 006
S.E. of Regression = 0.933

Standard Eryxoxr £ _Statistic —  p-Value
Constant D.596 2.059 0.044
Independent 0.363 . -1.187 0.240

TSS_(mg/1) vs Effluent TCDD (1bs/day)*10*
Equation: Loge(Efflnamc:TCODY = 0L NS + 0. 2687 % Log(Tss)”
R = 014 -

Adjusted R® = ,000 : :
S.E. of Regression = 0.687 g _

Constant 0.461 - 0.684 T 0.487°
‘Independent..  0.28L. S 0953 0,344

Equation: Log,,(Adjusted Sludge TCDD) =~ G.157 - 0.373 * Log,,(TSS)

R* = ,016
Adjusted R* = 000
S.E. of Begression ~ 0. 961

Constant - 0.6146 0.254 0.798
Indepandant . 0.174 -0.998 0.322.
v . w108

Equation: Loge(Adiusted Effluenc TCDD) =:-0.713 + 0.311 % Log,,(TSS) *

R* = .026
Adjusted R* = .010
S.E. of Regression = 0.589

Constant 0.396 -1.802 0.076
Independent 0.241 1.290 0.202
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TABLE 6-3. TCDF EXPORTS (TREATED KRAFT MILLS ONLY)

w udge *10%
Equation: Log,,(Sludge TCDF) = 1.599 - 0.277 * Log,,(TSS)
R? - ,008

Adjusted R? = 000
S.E. of Regression = 1.010

Standard Error t Statistic p-Value
Constant 0.643 2.480 0.016
Indapendent. 0.393 - 0,704 0.484

Faquariorn: Log (Eifluant TCDF) = §.3538 + 0. 490 % - Log (TEE) .
R - .037 |

Adjusted R® « 022
S.E. of Regression - 0.787 .

Stapdard Exrop
Constant~ - 0.52% . . 1.0L8- : 0.313.
Independsmt- - 0.322 1.55% 0.126

Equation: Log.(Adiusted Siudge TCDF) = 0.530. - 0.219 % Log,,(TSS)

R? = 004 -
Adjusted R* = .000
S.E. of Regression - 1.066 .

Constant. 0.681 " 0.778 a
Independent. 0.6415.. -0.527. .0

LG40
800

Equatrton:: Logg(Adjusted Effluent TCDF) = -0.491 + 0.542 % Log;(TS8)

R? = 048
Adjusted R? = 032
S.E. of Regression - (.751

Standard Errox p-Yalue
Constant 0.505 -0.972 0.335
Independent 0.307 1.7635 0.082
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TABLE 6-4. TCDD EXPORTS FOR ACT TREATMENT
KRAFT MILLS ONLY

8. S ve ST *10€

Equation: Log,,{Sludge TCDD) = 2.388 - 0.922 * Log,(TSS)

R?P = 113
Adjusted R? = 073
5.E. of Regression = 0,661

p-Value
Constant 0.939 2.542 0.019
Independent 0.551 -1.675 0,108

Equation: Log(Efflfient TCODY = -0.968 + 0925 * Log, (TSS)
R = 140

Adjusted RZ = 101 |
S.E. of Regression = 0 587 ' )

standard Errer -
Constant - 0.834 - o -1.162 : 0.258-
Independent: - - 0.48% ‘1.892 C0.077

Equation: Log,(Adjusted Sludge TCDD) = 1.605 - 0.966 * Log,(TSS)

R = 165
Adjusted R® = ,127
S.E. of Regression = 0.556

Conatant . 0.790 2.031 0.034

Independent.  0.463. -2.085 - 0.04%

Equation: Logplidjusted Effiuent - TCHN) w -1.752 + 0,882 #1og, (TSS)

R* = .201
Adjusted R® « 164
S.E. of Regression = 0.451

Srandard Exyor £ Stagistic —  p:-Value
Constant 0.640 -2.736 0.012
Independent 0.375 2.350 0.028
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TABLE 6-5. TCUF EXPORTS FOR ACT TREATHENT -
KRAFT MILLS ONLY

1SS vs S s *10%
Equation: Log,,(Sludge TCDF) = 3.159 - 0.974 % Log,,(TSS)
R = 116

Adjusted R? = 076
5.E. of Regression = 0,689

Sgandayd Brrox t Statistic pzValue
Constant 0.978 3.230 0,004
Independent 0.573 -1.699 0.103

) R K - .
- Equation: Log,(Effiaemt: TCOF): = -0, 53L ++ L. 061 % Lagy(ISS). . .
RZ = 170

Adjusted B* = .132
S.E. of Regressionr~ 0.601

Stapdard Exrox Lt Statistic p:Value
Constant: 0.853 -0.623. _ . Q.540 .
Indepandant. - 0.5000 . 2,121 - 0.045

. Equatfion: logyg(Adjusted Sludgs TCDF) = 2.377 - 1.017. % Log, (1SS}’

R o= 147
Adjusted R® = ,108
S.E. of Begresgion = 0. 628

Standaxd Exros . 323
Constant 0 891 2.663 Q.014
Independent 0 323 . -1.945. 8.085.

Equation: Logg(Adjusted ££fluent TCDF) = -1.314 + L.017 * Log,o(T8S) =~

R = .184
Adjusted R®. = 146
S.E. of Regression =:0.530

Constant ¢.781 -1.683 ¢.107
Independent 0.458 2.224 0.037
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TABLE 6-6, TCDD EXPORTS FOR ASB TREATHMENT
KRAFT MILLS ONLY

1SS (mg/l) vs Sludge TCDD (lhs/day)*10¢
Equation: Lag,(Sludge TCDD) = 1.128 - 0.495 * Log,,(TSS)
R® =~ .029

Adjusted R® = ,004
S.E. of Regression =~ 1.023

Standard Errox & Statistic p-Value
Constant - 0.738 1.527 0.135
Independent 0.462 -1.073 0.290

_ Eguation:- Log;,(Eff1nane TCOD) = 0. 582: + 0.1k % Log (TS8) "

B - 006
Adjusted B2 = .000 .
S.E. of Regression = 0.723

Standard Ecror & Statistic -Value
Campstant- . Q.557 . L1045 . 0.303.
- Independant.- = 0348 0 v 0.472 0.639%

Equatfon: Log,(Adjusted Sludge TCDD) = 0.056 - 0.481 % Log,,(TSS)

R2 = 026
Adjusted R* = _001
S.E. of Regrassion = 1.053

c Constant - - 0.760 " 0.074 © o 0.941
Independent: -~ 0.475 -1.012 0.318
v e *10%

-Equation: loglAdjunzted R€fIuant TCON) = -0.447 + 0.169 * Log, ,(TES).

R? = .008
Adjusted R? = 000
S.E. of Regression = 0.654

Standard Error t Statistic . p-Valua .
Constant 0.504 - .886 G.381
Independent 0.315 0.538 0.594
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TABLE 6-7. TCDF EXPORTS FOR ASB TREATHMENT
KRAFT MILLS ONLY

- TS88 (m ¥ d TC *]10¢
Equation: Log,,(Sludge TCDF) = 1.425 - 0.312 * Log,,(TSS)
‘R? = 010

Adjusted R? = .000
S.E. of Regression = 1.106

Standaxd Erroy £ Statistic p-Valye
Constant 0.798 1.785 0.082
Independent 0,499 -0.625 0.536

I8S _(mgfl) v Effluent TCRF (lbs/dayi*1Q°

- L S

~ Hquation: Log(Efflnent. TCOF) = 0. 778 -+ 0.393 % Log,{T8&). .- -
R? = 022

Adjusted R = 000
S.E. of Regrezsion = (:.879

Standard Exror p-Value
Constant" .87 . - 1.148. 0.258. .
Independent - 0.423 - - 0,929 - 0.359

Equation:. Loga(Adjusted Sludge TCDF) = 0.353 - 0.298 * Log,,(TSS)

R* =~ .008" :
Adjusted R? = .000
S.E. of Regression = 1.162 °

Equation: Log,,(Adjusted Effluent TCDF) = -0.251 + 0.398 ¥ Log,,(TSS)

R* = 024
Adjusted R? = 000
S.E. of Regression = 0.857

Standard Eryor t Statiscic p-VYalue
Constant 0.661 -0,380 0.706
Independent 0.412 0.985 0,341
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7. MODELING TCDD/TCDF FORMATION AS A FUNCIION OF MILL
OPERATING PARAMETERS

Several steps were taken to. investigate the effect of mill bleaching
procedures upon 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-

tetrrachlaredibenzofuran (TCDF) fermation, The goal of this section was to
determine the strength of relationships between mass export rates of TCDD/TCDF
and key chemical bleaching and extraction agents used at U.S. bleached pulp

mills. Three dependent measures were used, ineluding the total mass export rates . -

of TCDD and TCDF generated by rthe combhined vectors ef pulp, sludge, and effluent

(ir. 1ba/ton AirsDried Brovastock: Pulp [ADBSP]); and the TCDD .toxic equivalent & 7

export rate, which combines the TCDD total mass rate with one-tenth of the TCDF

taoral mass rate.

Though tha masys formavion rates of TCDD/TCDF varied from bleach line to

bleach line, as gauged by pulp sample analyses, effluents and sludges were nat -

sampled at each line but rather at the "downstream”™ treatment faciIities.

Consequently, the chemical bleaching application rares for each bleach line were
cowbined. to. form a mill.average, the rates being weighted over: different:lines

depending on- the volume of pulp preduced. As in: the previous. section,. kraft and

sulfice mtlls were trested separately  in the analyses.. - Since-the. number of .

sulfite mills with usable data was quite small, only the analyses of kraft mills
were includad. in this. section. .. -

The independent variables for which there were enough data to be of utilicy
included the following: chemicals added during: C-stage bleaching -- Chlorine
{Cl,), Chlorime Dloxide.(Cl0,), CIl, Equivalen% in C-Stage, end Percentage ClQ,

Substitution far:Cl,; chamicala added during other: stages of bleaching or caustic: -

removal -- Other stage Cl0,, Sodium Hypochlorite, Sodium Hydroxide, and Oxygen
(0Q;); and characterizing features of bleach line operation -- Kappa.number, Flnal

brightness, Cl, Line Equivalent, Cl, Multiple (Kappa Factor) in C-stage, Cl,.

Equivalent Multiple in C-stage, and €1, Line Equivelent Multiple. Other

variables had for the most part zero values and were not included in these
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analyses. They included Calecium Hypochlarite, Hydrogen Percxide, Other Stage
Cl,, and other chemical agents which did not contain chlorine derivatives..

As was done in the analysis of total suspended solids, exploratory plots
and regression analyses were performed only after the variables of interest ware
exgmined for distributional. properties and skewness. If uarran:ed,‘ﬁariahrie.s-.
were transformed so that their distributions approximated normality as much as
possible. ({All figures and tables ars loc.:ated at the end of the text.) o

Two of the independent variables -- 0, and Cl0, -- contained significanc
fractions of zero values (almost half of all kraft mills in the case of Q,}). The
analyses assumed an inherant difference berwesn mills which, for instance, did
not use gny €10, in bledching and those =zflls which dig. Two differenc
distribucions of ‘the TCDD/TCDF wass export rates are presented for each of the;e' "
vavishles, one for all cases of” zaro wxlusx-in' Oy aod: CIOL and. the' other-for+ .-
casey wherr the twy variables were positive (Tables 7.1 and-7-2). "

7.1 REGRESSTOR ANALYSES

. After analyzing and cransforming variables where necessary, plots were made
of each dependent msasure varsus each indepeudent variable and then analyzed for
:rem!n Figures-7-1 to: 7.9 are- represeuntative.of: the. most.significant resulrs.
Each plot contains two tmporcant interpretive features: a lesst squares linear |
regression. overlay, drawn over the actual range of daca, and a 90 percent
cenfidence bamt: sbout the estisatad . regression. lins. Ths , caonfidance hand
provides s visual indicarion of the degrae to which, at any given point x, along
_the independant.axia, the eatizated mean of the dapendent.variata.might ba in -

errol..

Mills. in which tha cslculation: of eithar TCOR or: TCOF maxs export rates:
was problematic (such as in cases of seasonal or nu waste trestmenr) wars not
used in the scatterplots or regression analyses and were considered unrellable
data for purposes.of the repert. Two mills discharged untrested sffluencs o . -

the ocean, and anvther five mills had average wastevater: ratantion sp;n: “af
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sevaral months. At six mills, the reported concentrarian or flow data was
incomplete, so TCOD/TCDF mass formation . rates. could nat. be calculaced.

Corresponding to the above plots, equations of the regression lines and
relevant summary statigtics (including standard egxors aot R?* values) are.given
in Tables 7-3 te 7-53. Since the regressions were performed on the transformed
variahles and not in the original .units, the estimated relationships Iara not
linear 4in the original varliables. On the log-log scale, for example, a non-
zera. linear slope implles that the dependent variable tends to be proportional
to a power of the independent variate.

The most immediate finding from the analysis is that each of the dependent’
‘variables exhibhited significant variatian at essentially every leval of the
various chemical application rates. Consequently, the proportion of variance

explained by any of thas vegression equationy vax generally: low (as giver by Ry,
| | indicatiog chat’ the linesr Tegressions “were not- very ‘useful as: predictive -

| ‘equations. In fact, specific predicticns regarding output of TCDD/TCDF at mill

Y when a certain level of chemical X wasx. applied would probably have lictle -

meaning. The scatterplots were useful, however, to detect the presence or.

absence of non-zero trends in the estimated regression lines.
7.%.1 - Effects of Chlorins. Bleaching -

Variables measuring the appliucicﬁ of chlorine to browmstock pulps (Cl,,
Cl, Equivaleant. in C-Stags, Cl,. Line Equivslemt) ware.positively associatad with

the. formation of TCDD/TCOF:(Table 793).  Hence; greater use of chlorine in"

bleaching was sssaciated with higher formation races.ef . TCDD/TCDF. This result
was consistent with pravious evidence concerning the effact of chlorine bleaching

~ em TCDD/TCDF. formationr in . pulp =ills (2); bowever, none of the estimaced

regression: models inwelving thase ‘variables:scecounted. for . maxe: :hurwhm 8.
percent of the cotal variance in TCDD/TCDF mass export rates.
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7.1.2 Effect of che Chlorine Multiple

Since more chlorine tends to be applied when the lignin content of the pulp

is high, regressions were also estimated for variables involving ratios between

the amount of chlorine applied and the ¥appa number (as measured by the rarios: -

Cl; Multiple, Cl, Equivalent:Multiple, and Cl, Lime Equivalent Multiple), the:
Kappa number being a useful index of lignin content in brownstock pulps. Table

7-4 provides the results for regressions on the Cl, Multiple, and again documents
a generally sigmificant positive relationship between formation of TCDD/TCDF in

mass exports and the Cl, Multiple. Such a result implies that, on the average, -
even when lignin content was accounted for or "held consﬁant." greater
application of chlarine was mildly associated with higher formation of TCDD/ICDF."
In ‘this case, the sssociation must be considerad mild.because the percentage of'"""-.:"
total variation accounted for by the escimated ‘regrassion models never exceeded
1% percentc. '

7.1.3 Chlorine Dloxide Substitution

The substitution of Cl0, for Cl, in the C-Stage of bleaching produced
slight reductions in average TCDD/ICDF formation (Table 7-5), the regression
trends being stacistically significant at below the:2 percemt- level.  However,
the regression models accounted:for. at.-mos% l6:perceant of. the total variation .
 in TCDD/TCHF mass exports,’ and since very: fesw mills- substituted €10, for more . .
than 30 percent of their chlorine usages, the regression trends cannot be reliably
extrapalatad: to: predict.. reductions of. TCDD/SICDE.. formation, at higher C10,
substitution rates. It was also seen iIn Table 7-1 that milly that did not use
any ClO;. exhibitsd tremendous variatiom-in. TCOD/ICDE nass exports. Hence,
substitation of Cl0, for Cl, was net by i{tself an adequate 'predi_ctor of TCDD/TCDF
reduction. Use of C10, may help, howaver, to raduce TCDD/TCDF farmition when
considerad in conjuncrion wich:other reductiow strategiew. ' '

7.1.4 Use of Oxygen in Bleaching

Mills that use oxygen in the bleaching process exhibited a2 siighl: but.
statiktically significant trend toward reduction of TCDD/TCDF with increased
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oxygen application. However, this trend was wholly attributcable to chose four
kraft mills that used oxygen delignification methods at the time of the 104G Mi1l .
Study (Table 7-2). Furthermore, the same four mills alsoc tended to have higher
substitution rates of Cl0, faor Cl,, so it cannot be determined whether the lower . .
export rates of TCDD/TCDE observed at theses mills were attribucable. to oxygen
delignification, chlorime dieoxide substiturlemn, or some combination of both,
Use of oxygen in other applications was ner stanistically correlated with
TCOD/TCDF mass farmatiomn.

7.1.5 Differences in Wood. TIypes

~

could not be systemarically anslyzed fur differmmeas in TCDD/TCDF mass formation.”
However, it was observed that grester amounts of chlorine were generally applied

- to softumod pulps than hardwood pulps per tan of  pulp  processed, and that the
aversge Kapps nuntiece of softwood pulps wers typically much higher than the Kappa
nuzbers of hardwood pulps. (Figutes 7-10 and 7-11). Both of thess observations
were consiscent wicth known differences in the.bleaching practices of softwood
versus hardwoed pulps.

Due to limitaciomx:of the study design, softwoed and hardwood bleach lines:  .:+ -

7.2 SIMMARY. .

Te "st:marize. the most consisvently significant independent varisbles were
those involving chlorine application in the C-stage of bleaching: Cl, and CI,
' Equivalem:: Variables meaguring the chlorine muitiple (also knowm as. the Xappa
factor) were also positively aszsociated with TCDD/TCDF formation, thoﬁgh the
correlations - wers weakar. Substitution of. chlorine . dioxide for Cl, was
associated with slight reductions in TCOD/TCDF formatiom. However, since very
few mills reported Cl0, suhatitution rates. of more. than 30 percent at the cime
of .the study, the effact-of highar chlorine dioxide substitutiocn: ratas could.not. '
be gauged with any precision. ‘

Barring more detailed informariom on. chemical usage pu:tmuﬂ' will

process characreristics, the data at hand preclude the fitcting of very precise .

predictive modals. While other variables might significantly {mpact the
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TABLE 7-1. SUMMARY STATISTICS: BREAKDOWN BY Cl0, USAGE

Adjusted  Adjusted Adjusted TCDD
Gl0, =~ 0 Total TCDD Total TCDF Toxic Equivajent
N 27 27 27
Minimum 0.186 0.748 0.260
Maximum 16.337 299.4813 43.026
Mean 4110 27.940 6.904
Standsrd Dev, 4, 260 61.417 - 9.433
Median 2.433 8.228 3.256
Adjusted Adjusted Adjusted TCDD
£i0, 20 Togal TCDD Toxal ICDF' Texig Equivalent:
N 32 52 52
Minfmum . 0.066 - -~ 0.147 "*  0.08I
. Maximom 30556 . 953 .875. 118.73%. . -
. Mean- . 3.33L 59.818. 11.313
Standard Dew. 6§.152 149.441 19.996 -
16.088 4,963

Median ' 3.437

L

Adjusted Total - lbs/ton ADBSP:#*. 10% - .
Adjusted TCDD Toxic Equivalent - lbs/tan ADBSF * 108

110



TABLE 7-2. SUMMABY STATISTICS: BREAKDOWN BY 0, USAGE
ERAFY MITLS ONLY
Adjusted Adjusted Adjusted TCDD
Qp= 0 Total TCRD Total TCDF  Toxic Equivalent
N 34 34 34
Minimum 0.117 0.363 0.153
Maximum 13,065 299.613 43.026
Mean 3.764 27.054 6.469
Standard .Dev. - . 3,603 - 55.415 8.492
Median 2.068 ° 7.946 2.807
0, >0 Adjusted Adjusted Adjusted TCDD
Extraction Toral TCDD Total ICDE  Toxic Equivalent
N 43 &3 43
Minimm.: 0.124 0.450.. . 0.283..
Maximum . 30.556 953.875 118.722
Maan . , 6.028 68.647 12,872 .
Standard Dew. 6.659... 163.044 21,668 .
Median a  3.589 15.778 - 5.15%
0, >0 Adjusted Adjusted Adjusted TCDD
Deligmification - Total TCDO Total TCDF - Toxic Eauivalent:s,
N 2 2 2
Minimum 0.066 0.147 0.081
Maxinum 0.960 1.747 1.135
Mean 0.513 0.947 0.608
Standard Dev, 0.632 1.131 0.745
Median 0.513 0.947 0.608

Adjusted Total - lbs/ton ADBSP * 10°
Adjusted TCDD Toxic Equivalent - lbs/ton ADBSP * 10°
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TABLE 7-3. REGRESSIONS OF CHLORINE USAGE (KEA¥FT MILLS ONLY)

Equation; Log,,(Total TCDD) = -0.462 + 0.0l0 * C1,

R2 = .317
Adjusted RZ = ,L308
S.E. of Regregssion = §.461

- Standard Exroxr  t Stagistic p:-Yalue
Constant 0.160 -2.890 | 0.005
Independent.  Q.002 5.902 0.000

_ Equatton: Log(Total TCDF) = 0.179 + 0.011 * Cl,

" RZ = 206, .
Adjusted R? = 195
S.EL af‘Ragrtssion - 0. 6&1

Conatant: 0.221 0.804 0.424
Independent 0.002 4,405 0,000

Equation: Log,o(TCDD Toxic Equivalent) = -0.262 + 0.010 * C1, '

R2 -~ 271
Adjusted R? = 261
S.E. of Regression - 0.514

Standard Erroxr  t Statisfic —  p-Value
Constant D.178 -1.466 0.147
Independent 0.902 5.275 ¢.000
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TABLE 7-4. REGRESSIONS OF CHLORINE MULTIPLE (KRAFT MILLS ONLY)

cl. Mult s, ugte t Ch ; * ) .

Equation: Log,,(Total TCDD) = -0.343 + 4.280 * Cl, Multiple

R? = 181 _
Adjusted R® = 170
S.E. of Regression = 0,506

. . p-Valye .. o
Constant 0.20% -1.685 - - 0.096 '
Independent 1.064 4.023 ' 0.000

Equation: Log,(Total TCDF) = 0.22L +.4.968 * CI, Multiple

R - 153
Adjusted RY w - 1417 _
§.E. of Regression = 0.631 -

Standagd EXLon . -V
Constant. = . 0.262 . o 0.843. 0.402
Indapendant 1.369.. J.629.. . 0.001

Equation: Log,(TCUD.Tox. EQ.) = -0.166 + 4,413 % C1, Meitiple "
"R? = 167

' Adjusted R* = 156
S.E. of Regression = 0, 549

Standard Error - L_Statistic .. p-Value

Constant 0.220 -0.752 _ 0.455
Independent 1,154 3.825 0.000
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TABLE 7-5. REGRESSIONS OF C10, SUBSTITUTION (KRAFT MILLS ONLY)

€10, Sub t 1t 9 s E ' t DRgF)*10°

Equation: Log,(Total TCDD) = 1.157 - 0.708 * Log, (¥ ClO, Sub.)

R? = 160
Adjusted R?* = _143
S.E. of Regression = 0,538

$ragdard Errot t Statistic p-Value
Capxtant 0.244 4,732 0.000
Independent 0.230 -3.081 0.003

Equation: Log,(Total TCDF) = 1.961 - 0.792 % Log,,(X Cl0, Sub.)

R®: = 117 .
Adjusted R* = .100
~ S.E. of Regression .~ 0.718.

Constant 0.326 6.009 0.000
Independent 0.307 " ~2.579 0.013

Equation: Log,(TCDD Tox. Eg.} = 1.362 - 0,700 * Log, (X Cl0y Sub.) .

R* = 133
Adjusted R* =  I15
S.E. of Regression ~ 0,593

Standatd Error t_Statistic p=-Value
Constant 0.269 5.057 0.000
Independent 0.253 -2.764 0.008
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APPENDIX A: DATA LISTINGS

A-1. 104 M1l1l Data Listing 127

Varisblu
Compmy

city.
Staca..

Pulping Prm:n:t '
Treatmsnt .- Wumnm Trumur: TYpe"
TSS - Total Suspended Salids Gmuntrn:iau

129

13¢

141

Varizblas::

Compaxxy

City -

State

Sample IV - Sample Identifteaticn Nusber
Sample Date - Date sample was procured

TCDD - Concentration of 2,3,7,8-TCDD .

TCDD Date - lLab anslysis datse for TCDD

TCDF - Concentration of 2,3,7,8.ICDF

TCDF Date - Lab analysis date for T7CD¥ - -
Lah. - Laboratory that perfaormed the snalysas. .
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A-L. 104 WILL DaTA LISTING

Pulping
Gaylord Container Cazps. - Antioch CA Krart ACT 66,00
Wilamatte Industries Hawesvillse Xy Kraft AS3 143, 80
Alaske Pulp Co, Sitks AK Sulfite 0T 75.00
Badger Paper Mills, Inc. Pashtlige Wl Sulzite ACT 125.15
Kimberiy-Clark Corp. Coosa Pines AL Kraft ASB 16.80
Lincoln Pulp and Paper Lineoln ME Krart ACT 48.40
Wausau Paper Mills Co. Brokaw Wl Sulfits ACT 3%.20
Gilman Paper Co. St. Marys GA Kraft ASB 69 .50
Gulf Statas FPaper Corp. Detopolis AL Kraft ASB 80.80
Harmmarmill Papar Co. - Erie PA Kraft POIW 3.1
Hnomernmill Faper Co. Selma AL Kraft ASB s0.00
Intaxrnatioval Paper Co. Bastrop LA Kreft ASE 81.50
Intarnsticmal Paper Co. Gecrget.owm sC Kraft ASB 117 .00
Intermstiotal Paper Co. Juy ME Kraft ACT .
Intarnational Paper Co. Mabile AL Kraft AS3 lgl.o0
International Eaper Co. Moss Point . -1 Kraft ASB 57.20
Intetnational Papar Co: Matchez -] Kraft ACT 115.00
- Intarnational Paper Co. Pine Bluff AR - Kratt AS3 71.00
. International Papar Co. ~ Texackann X Kraft ASB 5.80
Intarnstional Plpcr Co Ticendarcga RY Xraft ACT 53.350
IIT-Axyonsier, Ine::" Fovoanding: Bowdls v, - Flo..  Sokfiters .- ASR.. . 2000460 .
- IIT-Rayoniax, - mi.-...\_-« ) Boquies. S WAC- - Buifive” L NCTT T 0 7880
- IITwExyomiar,. Ine. o Juaap. . GA. Kratt . ASH . 26.4a7
- ITT“Ravemiier, Inc. T Purt Angelas WA : AT 273.000
Junes Biver Corp. Ferlin Ny Kzatt ACT 47.00
Jamew River Carp. Comsad. WA K/3 ASB 78,60
Jucwes River Corp. Clatakanie R Kraft AT .
Japes River Corp. Gresn Say : WI Sulfita POTW 177.15
Juons River Coxp. - 0ld Tows . ME Xraft ACT 127.p0
Janex River Corp. . S¢. Francesvills LA Lrafy ASB I5.60
James River Corp. : Butlar AL Kraft ASR 17.80
Leaf River Forsat Froduets New Augusts g Kraft ACT 46 .00
Longview Fihrs Co. Longview WA Kraft ACT 47.20
Ketchikar Bulp & Peper t:m Xetchikam: - . AN+ Sulfite . ADT.. 243,60
. Louisiana Pasific Corp.. - Ssmok: - CA Kraft® = MMNE 96.70
Masd. Corporaticn " Chillicaths R Keaft’ ACT/ASB .
Muwd Corporwtiow: - - T, Escapsba.. MI .. Keaft. MG 14,40
Mesd Corparaticn . . -7 Kingsport - ™ Soda: ASE 58, 80
Kekooss Pepers, Inc, Auhsiows - . Al - Xeaft. . ASE . 20.80
Sakoosa. Papars, . Inc... - Rekoosa - WL ©  Keaft'h - ML 35.00
Nekovss Fwpurs, Ime. - Port Edwavds WI Sulfite ACT .
Pauntwcts Papers, Ine. Jehnsonbarg Pa: Kraft ASB 42.85
Fope & Talbot, Img. Ealawy R - Kraft ASR 13.90
Potlatch Corp. - - Clogoet: . - Mg - Keaft | - POTW . 129.94
Batlateh Corp. Lowiscom. m Reatt - ASE - 125,80
Potlateh Corp. McGhes AR Kraft ASH 21.00
Alabaza River Pulp Claibarne AL Kraft ACT 8650
Appletonr: Papers, Inc. . Bouring Speicge. . . o cPA - . Keaft .. ALY, 14 40
Boise Cascade Corp. ' Jucksos . AL Kzaft.. . ~ ASE 1%.¢0
Buise Cascads Corp. ¥ Dwriddar - LA - " Kraft ASB 58.710
Boise Cascads Corp. ) - St. Baleny oRr Keaft. ; BOTW 59.00
Hoise Cascads Corp. B  Rmfard ME - Kealt ACT 6% 4
Boiss Cescele Caxp. Waliulas WA Lratt ASB :
Hoise Cenvade-Coxp. . - Intarnational Falls . M Kraft ' T .
Bowstay Corp. . Catawhe sC Erafl - ASE. 13 0@
Bowater Corp. Calbewm ™ Yraft ASE . 25.20. .
Arunswick Falp snd Paper Brunswick GA Kraft ASE 43,60
Buckaye Calluleose Parry FL Kraft ASB a8 ag
Buckesys Callulose Qglethatpe GA Kraft ARE 20 30
Champion Intermatiomad... Lufkin S IX Kraft- - MT .
Chenplon Interastiooely. Couxt)amd: © ., AL Kraft:. - - ASH |2 so.
Champion Intarmstisusl’. - - Quinfesec - e ME ralfx MT 3178
Chempicn Intermsticomal.. . - Cemtoomewt . SO0 R Kxaft ASE - 2.4
Champion International: /-~ Houston X - Kraft ACT i
Champion Intnmm«nu - Cantom NC Kraft ACT 22 40
Chesapsake Corp. West Point - VA Kraft ACT 31 850
Container Corp. of mnu Brewton AL.  Kraft ASR 12 80
Pentair, Inc. Park Falls )4 Sylfite ALY 38 10
[~ Kraft ASR 101 26

Federal Pspar Boaxd Co. 0 Augustas
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A-1. 104 MILY, DATA LISTING (OUNYTRUED)

Pulping
Coopgny (515 2 §tate  Egocesy Izeatment
Fedaral Paper Eoard Co. Eiagelwood BC Keafsr . ASE
Finch Pruyn & Co., Inc. Glens Falls s Sulfite ALT
Gaorgia-Pacific Corp. Ballingham WA Sulfite. ‘ASB
Georgia-Pacific Corp. Crusset AR Eraft ACT
Georgia-Pacific Corp. Palatia FL Kraft ASB
Georgia-Pacitic Cozp. Woodl and ME Kraft ASH
Georgiem-Pacitic Corp. Zachary LA Kraft ASB
P.B. Glatfelter Co. Spring Grove PA Kraft ACT
Proctor & Gesble Co. Hahoopany FA Sulfite AT
Scott Paper Ca, Evarett HA Sulfite AT
Scott Paper Co. ) Mobile AL Kraft ALY
Seatt Faper Co. h Ginckley ME Keaft ACT
Scott Paper Co, Muskegon MI Kraft POTW
Seott Paper Ca. Hesthrook ME Kraft ACT
Siopson Paper Co. : Anderson CA Kraft ASH
Simpeon Paper Co. . Fairhavan Ch Kraft RONE
Simpwony Faper Co. S Pasadsna iy & Kraft ACT -
Simpson Paper Co. - Tacoms WA Keafe ALT
St. Jos Paper Co. o Port St. Jos FL Kraft batay g
Steme Container Corp. Missoula MT Kraft ASH
Stane Comtainer Corp:- -- - Paswme Cluy - . FL... Kosfts. . . PODo.
Stone Container Corp. = Soewflske AZ  Kesft.. ., POWG .-
. Tomphactasted; e -7 Pendslac s o X Kusfh T ASH ¢
Uniom Cesp Coxp. Eastover S5C  Kraft ASB -
Uniom: Camp. Coaxpi .~ - © . Franglin .o VAT Kraft b AED -
Wastwwes Corp. % 7 Cavington e VA Xraf: ACT
Weatvece Corp. - 4 Luke < M Xraft . BOTH
Westvate Coxp. T Wicklitfs . - I+ 4 Kraft ASE
Waysrhsusar Co, : Everatt WA Kzaft ASE .
Weyezhguser Co." - Longview - WA Kraft ACT
Waysrhsusar o, Now Bern RCc Kraft ASR
‘Weyerhauser Go. . PFlymauth o1 Xraft. .. ASH
Weyerhmussr Co. - Rotthehild W1 . Salfite. . AT

128

4640
26.80

41,80

36.80
130 .08
42.00
127.60
30.19
47,74
0.00

104,20
i5.80
137.00
884,00
45 .40

108,80 ... -

24.20.
T

* s0.00

45,30
%56, 80
33.70
2L.M
17.70
&5.80
14.00
13.20 -
.28
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0t1

Company

Chasapsaka Corp,
Pantair, Inc,

Federal Fapar Boarqd Ce.
Federal Papexr Board Ca,
Federal Psper Board Cog.
Fadersl Faper Board Cg.
Finch, Pruyn & Ca,, Inc.

Georgla-~Pacific Coxp.
Genrgla~Pacitic Corp.
Georgla-Pacific Coip.
Georgia-Pacific Dokp.
Georgis-Pacific Corp.
P.H. Glatfelter Co.
Proctor & Gamble Co.
Scott Paper Ca,

Scott Paper Cn.
Scott Fapar Co.

Scott Papar Co.

Scott Paper Co,
Simpson Paper Co.
Stona Container Corp.
Temple-Eastex, Inc,
Teople-Eastex, Inc.
Union Camp Cotp.
linfon Camp Coxp.
Union Cump Corp. :
Hastvaco Corp. ..
Hestvaco Corp.
Wastvaco Corp.
Weysrhaussr Co.
Heysrhausar Co,

Company

Gaylord Container Corp.

Alaske Pulp Co.
Kimberly~Clark Corp.
Kimberly-Clark Corp,
Kimbarly-Clark Cﬂrp.
G} lman Faper Co.
Haomarmill Paper Co

Iaternationai
faternationsf
{mtarnetionsl
Internat ionsl
intsrnallione}
fntarnatioayl
Intarnationaf

Faper
fapar
Fepec
Papur
Fapar
Paper
Faper

Internations} Paper

Cao
Ca
Lo
Ca
Co

Co.
Co.
Co.

Lty
Wast Paint
Fark Falle
Muguate
Aupusty .
Riogelwnod
Miagelwood
Hlens Falls
Frossat
Palatks
Wopdland
Ischary -
Ischery
Bpring Grove
Hshoopeny
Mobtile
Binckley
MHuakegon
Muskegon
Wastb ook
Pasadenu
Paneoa City
fvadalse
Evadale
Eastover
Pranklin
Franklin
Covington
Covington
Wicklitfe
view
Rothehild

R
.
S

7113 4
Antioch
kﬂ-ll_.' .
tauna Pines
ffooas Biney
Cocas Fines
St. Mabys
Baloa
Aaatrap
Georgekomm
Gaosgetown
Georgetowmn
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Gaylord Containsr Corp.
Aleska Pulp o,

Lincoln Pulp and Paper
Wausmi Paper Mills Co.
Hausau Papar Hille Co,
Gulf States Paper Corp.
Gulf States Papsr Corp.
Bammermi)l Paper Co.
Haamarmill Psper Co.
Iaternatlonal Paper Co.
Internationsl Peper Co,
International Peper Co.
Internations] Paper Ca.
Internationsl Papsr Co
Internaticnal Fapesr Co.
Internations} Paper Co.
Internstionul Paper Co.
International Baper Co.
International Papet Co.

International
Intsrnational
Internaticnal
Internatlional
Intarnstional
Internationsl
ITT-Rayonier,
ITT-Rayonier,
11T-Rayonier,
ITT-Rayonier,

Pdper Lo,
Paper Co.
Fapst Co.
Papep Co,
Paper Co.

FPapes Co.
by
Ing,

Ing.

ne.

James River Corp,
Jases River Corp.
Jemes River Corg
Jumas River Carp.
James River Corp.

Janas River Cor

Junes River CﬂtE

Jamea River Cﬁ:

Laaf River Forest Products
Longview Fibre Ro.
Katchiksn Puip & Psper Co.
Ketchikan Pulp & Paper Co.
Mead Corporation

Maad Carporation

Mead quporttiﬂn
Mead Corporstion

Nskcoss Papers, Ine.
Hekcosa Papers, Inc,
Fope & Talbot, sua.
Potlatch Corp. '
Potlatch Corp.
Potistch Corp.’ r
AlnbEna R;v.r
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Alabage Flv-; rw
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APPENDIX.B: PROBABILITY PLOTS.

PULP TCDD PROBABILITY PLOT: DETECTED VALUES' ONLY
PULP" TCDF"PROBABILITYPLOT: DETECTED® VALUES ONLY:

. SLUDGE. TCDD: PROBABILITY PLOT: DETECTED VALUES QHLY

SLUDGE "TCDF PROBABILITY PLOT: DETECTED VALUES ONLY
EFFILUENT TCDD PROBABILITY PLOT: DETECTED VALUES:OFLY

EFFLUENT ICDF PRUBABILITY PLOT: DETECTED VALBES aNLY

PULP TCDD PROBABILITY PLAT
PFULP TCRF FROBABILITY PLOT.
SLUDGE TCDD PROBABILITY PLOT
SLUDGE TCDF, FROBABILITY PLOT

- EFFLUENT TCDD PROBABILITY PLOT

EFFLUENT TCDF PROBABILITY PLOT
ADJUSTED PULP TCDD PROBABILITY PLOT

- ADJUSTED PULP TCDF PROBABILITY PLOT

ADJUSTED SLUDGE TCDD PROBABILITY PLOT
ADJUSTED SLUDGE TCDF PROBABILITY PLOT
ADJUSTED. EFFLUENT TCDD FROBABILITY.PLOT.
ADJUSTED EFFLUENT TCDF PEDB&BILI!Y LOT ¢
TSS "PROBABILITY PIOT
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Lognormal Z-Value

FIGURE B-6
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